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ABSTRACT 

This thesis describes a fin-line 180 degree hybrid 

(Magic-tee) that is suitable for use in «one-pulse radar 

antennas  at  Microwave  and  nillinetei—wave  frequencies« 

The three-diMensional junction of a waveguide nagic-tee 

is replaced with fin-line slots» coupled fin-line slots and 

Microstrip lines Mounted in a waveguide fixture. The planar 

geoMetry on the substrate provides significant reduction in 

size and eliminates the waveguide retrace that is associated 

with conventional hybrids. Ports one and two are flared into 

fin-line horns to produce a fin-line Monopulse systeM. 

Suggestions for further developMent of the fin-line 

Magic-tee  and  Monopulse  systeM  are  presented« 
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I.   INTRODUCTION 

A.      BACKGROUND 

This   thesis   describes    the   successful    design, 

construction   and   testinq   of   both  a  fin-line  «aqic-tee  and 

«onopulse  system.   Each of  these units   is  probably   the   first 

devices  of   their   type  constructed. 

There are two wain categories of «aqic-teest the 

conventional waveguide hybrids» and the new planar devices 

[Ref. 1J pp. 259-2613. The fin-line maqic-tee, developed in 

this  thesis,   is   in  the   latter   category. 

The 180 deqree hybrid» or Maqic-tee, is a passive four 

port device. It is an essential part of «any Microwave 

components» including balanced Mixers, single-sideband 

Modulators, frequency Multiplexers» linear phase shifters» 

constant iMpedance filters, IFM (instantaneous frequency 

Measurement) receivers, inter f er OMeters , duplexers and 

nonopulse radar coMparators CRef. IS pp. 259-261 and R*»f. 

21 pp. 16-183. While Many of these applications use only 

one hybrid, «onopulse antennas contain a coMptex network of 

«agic-tee  comparators. 

Honopulse coMparator networks require exact symmetry 

between numerous sections of transmission lines for proper 

operation.   Unbalanced   phase   shifts  of  only  a  few degrees. 

10 

u, 

£*v*v**VoV*JTii\:A:#£*;y^^^^ 



due to uneven lenqths of transmission line» destroy the 

tarqet trackinq capability of  the  system  CRef»   3D. 

Wavequide comparator networks, with bolted toqether 

flanqes or soldered connections, have difficulty achievinq 

these exacting lenqths at millimeter-wave frequencies> This 

effect limits most of the current monopulse radars to 

frequencies well  below the millimeter-wave band  CRef.   33. 

Another limitation of the wavequide hybrid occurs 

because three of the four ports are on mutually orthogonal 

axes. It is this three dimensional shape that produces the 

complex wavequide ratrace and intricate network of soldered 

flanqes in conventional monupulse antennas Cf<ef. 25 pp. 

18-17  and  Ref.   31. 

Unlike the wavequide maqic-tee. all four ports of th* 

new hybrids are in the same plane. This two dimensional 

yeometry qreatly simplifies the intercannections between the 

numerous comparators in a monopulse antenna system, with ihe 

P 1 a r a r mayic-tees. the confusinq and costly maze of 

wavequide  discussed  above  can be  eliminated. 

In «addition to the fin-line maqic-tee designed in this 

thesis, two other types of planar maqic-te»?s have recently 

been oVvnloped CRef. 3 and Ref. *: PP. 523-5283. Houever. 

only one of these new hybrids is de«iqned as a monopulse 

comparator   CRef.   33. 

Th»» f in-line maqic-tee developed in this thesis and the 

I.MW fin-line horn antenna developed in a parallel thesis 

i Ref.    53   are   designed   to   he   computer   manuf ac iur »»d   ac   a 

tl 
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J>> 
single unit. This coMbination of fin-line horns and fin-line 

Magic-tees constructed in an integrated unit» is hereafter 

called a fin-line Monopulse systeM» or a fin-line Monopulse 

coMparator. Fin-line Monopulse systems» operating at 

MilliMeter-wave frequencies» can potentially be Mass 

produced for a few hundred dollars each» 

B*     RELATED  WORK 

1.      Slotline  Magic-Tee 

Mr. M. Aik awa and Mr. H. Ogawa C Ref. *\ t pp. 

523-528] introduced a slotline Magic-tee. The fin-line 

Magic-tee developed in this thesis (Fig. 1) is similar to 

two of these slotline hybrids placed back, to back, in a 

waveguide  fixture. 

There are five Major differences between the 

fin-line Magic-tee developed in this thesis and the slotline 

Magic-tee  described   in  Reference  ^. 

First» the fin-line hybrid is essentially two 

slotline hybrids in parallel with each other. This 

configuration significantly changes the iMpedanee 

characteristics  of   the circuit. 

Second» the waveguide fixture that surrounds the 

fiir-line device» changes all of the iMpedances as a function 

of   frequency. 

Third» the unique Microstrip to coaxial transition 

used in the fin-line device does not have a counterpart in 

the  slotline  Magic-tee.   The purpose  of  this  transition  is  to 

► •.' 
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Maintain   a   fairly   wide   bandwidth   at   the   point   where  the 

Microstrip  passes through the waveguide wall» 

Fourth» the slotline hybrid uses a tapered section 

to transition fro« the Main loop to the coupled slot area. 

In the corresponding portion of the fin-line Magic-tee» each 

section of Microstrip Maintains a constant width up to the 

point where the  two  sections  join. 

Finally» all of the bends in the slots of the 

fin-line Magic-tee are coMputer designed to keep incidental 

reflections as  low as possible. 

2.     Planar  Waveguide  CoMParators 

The systeM described by Syrigos, Crossland and Van 

Wyck CRef. 33 is not related to this thesis at all» However, 

it does Meet part of the objectives of this work by 

utilizing a totally different design and Manufacturing 

concept. 

3«     Fin-Line Horn Antenna 

The fin-line horn antenna was perfected by LCDR 

MuMtaz-ul-Haq CRef. 53. Haq discovered that a substantial 

aMount of the electric field can be launched between the 

parallel fins. This undesirable effect can be successfully 

controlled by Making the horn fins half of a wavelength wide 

and shorting the exposed edges together with copper tape» 

This short reflects another short across the edges of the 

fin-line slots. The reflected short seals the gap between 

the fins  and keeps  the electric field  in the slots. 

$ 
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The parallel slots leading to ports one and two 

(Fig* 1) are separated by a quarter wavelength. Each slot 

appears as an open to the other slot» reflecting back a 

short a quarter of a wavelength away» The reflected short 

seals off the two slots» thereby preventing inadvertent 

coupling» This concept is a direct result of the applied 

research performed by Haq CRef. 53» 

C, PURPOSE; 

The first objective of this work is to design» build and 

successfully test a fin-line Magic-tee at 10 - G H 7.. This 

includes the design and construction of a suitable fixture 

to hold the Magic-tee» The final «agic-tee is to be 

integrated with two fin-line horn antennas CRef» S3» to form 

a two dimensional fin-line Monopulse systeM (only one 

difference  channel). 

The second objective is to produce reasonable SUM and 

difference antenna patterns fro« the coMbined one piece 

unit. This integrated unit is intended to be the prototype 

of a Millimeter-wave fin-line Monopulse system that has both 

aiiMuth and elevation  difference channels. 

The third and most important objective is to cortputerize 

the design procedure. This will insure the ability to 

accurately and quickly reproduce these devices at a future 

date. 

The final objective of this research is to rtconneno 

possible   improvements   for   the   fin-line   magic-tee   and 

1 
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fin-line nonopulse system. Specific reconnendations for 

expanding the fin-line monopulse system into a three channel 

(SUM channel» azimuth channel and elevation channel) 

Monopulse system are required» 

-»;• 
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II» THEORETICAL PRINCIPLES 

The design of the fin-line magic-tee and monopulse 

system is based on established Microwave principles» These 

theoretical  concepts are  discussed  in this chapter. 

A. WAVEGUIDE   MAGIC-TEE 

The theoretical properties of a waveguide 180 deqree 

hybrid are illustrated in Figures 2 and 3. An input at any 

one of the four ports is equally divided with half of the 

power coupling into two orthogonal ports» In phase «signal* 

3t ports one and two combine in the H-plane ar« and cancel. 

in the E-plane ar«. Out of phase inputs at ports one and two 

produce the opposite results» There is complete isolation 

between ports one and two and between ports three and four. 

The reverse of these conditions is also true. The 180 degree 

phase shift depicted in Figure 3 can occur in either S23 and 

S32 as shown» or in S13 and S31 CRef. 6J  pp. 190-1913» 

B. MONOPULSE ANTENNAS 

The typical monopulse radar antenna contains four 

identical antenna elements» which are interconnected with 

three or «ore «agic-tees. The signals to and fro« the four 

elements are added and subtracted in various combinations to 

produce  three  system  pets. 

All four of the antennas are summed together in phase to 

produce the sum channel. This signal is connected to the 

radar   via  a  T/R   (Transmit/Receive)   Device» 

N& 
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The two difference channels are the radar's source of 

target tracking information. The elevation port produces the 

difference between the upper and lower antennas while the 

azimuth port produces the difference between the left and 

right antennas» If a monopulse antenna systeti is pointing 

exactly at a target, there will be a strong signal in the 

SUM channel and absolutely no signal in either the elevation 

or azimuth channels. The null in the difference channels is 

the result of shifting two identical signals 180 degrees 

fro« each other and then adding then together. The phase 

shift and addition occur within t' *> magic-tees. 

The radar return fro« a tarqet that is slightly left of 

the «onopulse antenna's extended center line reaches the 

left elements of the antenna before it reaches the right 

elements. This produces a slight phase shift due to the 

difference in arrival tines at the left and right elements. 

Complete cancellation does not occur in the difference 

channel with this configuration. The resulting difference 

signal increases in amplitude and shifts in phase as the 

target gets farther away from the antennas extended center 

line. There is also a 130 degree phase shift in the 

difference channel as a tarqet crosses the antenna's 

extended center line CRef. 7» pp. 10-293. 

Since the null in the difference port can only occur 

with exact target/antenna alignment, it signifies the exact 

fc 

17 

k\rtLitettflüatoV&«irt^^ 



^^rrm^Tjfw^ £T*.T«-^™!^? :-Ta^V'*^ i 

center of both the SUM and difference antenna patterns. 

Therefore» a target that produces a strong return in the SUM 

channel and no return in one of the difference channels is 

on a plane that bisects the two antennas which develop the 

difference signal« When this inforMation is coMbined with 

range data, the target's location is liMited to an arc on 

the plane that bisects the two halves of the antenna» The 

point where the elevation and aziMuth arcs cross is directly 

in front of the antenna» The line between the Monopulse 

antenna and this point is co«Monly referred to as the 

boresight of the antenna. 

IP the outputs of the difference channels are Monitored 

while a target is within the Main beaM of the SUM pattern, 

the target can be classified as exactly centered» a little 

left or right» a little high or low» or any coMbination of 

these directions. 

Skolnik CRef. 7i pp.10-283 defines an amplitude 

coMparison monopulse systeM as one that compares the 

awplitude of the difference channel with the aMplitude of 

the SUM channel* This inforMation is used to determine how 

far a target is away froM the antenna's boresight» The phase 

<+/- only) of the difference signal is used to determine 

which side of boresight the target is on» 

This technique was initially called simultaneous lobing 

since all of the radiation lobes are sampled during each and 

every pulse. The ability to obtain a complete tracking 

18 
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solution  in only one pulse  led to  the current designation of 

monopulse  CRef.   7X     p.   103. 

Earlier tracking radars such as conical scanning and 

lobe switching systems required nunerous radar returns to 

obtain the sane information. The accuracy of these systems 

is often degraded by pulse to pulse amplitude variations. 

Monopulse radars» which are free of this distortion» have 

achieved tracking accuracies of 0.003 degrees CRef. 7? P. 

10]. 

Two   popular   forms   of   amplitude   comparison   monopulse 

antennas are  illustrated  in Figures  4 and 5. 

C.     THEORETICAL  ANTENNA  PATTERNS 

The far field effect an antenna has on the environment 

is a direct result of the current distribution across the 

face of the antenna and can be represented mathematically 

with a specialized Fourier Transform CRef. 8? PP. 345-369 

and Ref. 9{ pp. 170-1953. This technique is used to develop 

computer simulations of actual sum and difference patterns. 

The simulated patterns are used to illustrate the 

theoretical  properties of  a monopulse system. 

The first step in predicting a theoretical monopulse 

antenna pattern is to obtain the element pattern by taking 

the Fourier Transform of the current distribution across the 

face of one of the elements. The second step is to determine 

the array or group pattern by taking the Fourier Transform 

of  the entire array»   assuming that each antenna element  is a 
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delta  function*   The   final   step   is to Multiply the element 

pattern with the array pattern» 

An actual E-plane antenna pattern froM one of the 

fin-line horns of Reference 5 is closely simulated by addinq 

20% of a sin(x)/x pattern, to 80% of sin<x)/x squared 

pattern (Fig» 6). This simulation is used as the predicted 

element  pattern. 

The group pattern is obtained by taking the trivial 

transformation of two delta functions. This results in a 

cosine function for the SUM pattern and a sine function for 

the difference pattern. These theoretical group patterns 

with an element spacing of one wavelength are illustrated in 

Figures  7  and  8. 

The Multiplication of the siMulated eleMent and group 

pattern is done in a short Basic prograM on an HP-98456 

Computer. The theoretical SUM and difference patterns 

coMputed in this prograM are shown in Figures 9 and 10. 

respectively. 

D.     SLOTLINE  CHARACTERISTICS 

Slotline consists of a narrow slot in a thin plating of 

Metal foil adhered to one side of a thin layer of 

dielectric. The other side of the supporting substrate is 

void of Metal. The electric field is guided between the 

edges of the slot. The impedance of the slot is directly 

proportional  to the width of the slot.   A  detailed   analysis 
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of slot line properties is presented by Gupta» Garg and Bahl 

CRef. 10:  PP. 195-2283, 

E. FIN-LINE  CHARACTERISTICS 

The bilateral fin-line illustrated in Figure 11 has one 

straight slot on each side of the dielectric, The fin-line 

«agic-tee uses a similar» but More coMplex configuration 

which has two slots on each side of the dielectric. The 

slots in the Magic-tee have a Mixture of straight» angled 

and curved sections which join together in a 180 degree bend 

<Fig. !)♦ Both of these designs are forMed by suspending 

dual sided slotline in the E-plane of a section of 

waveguide. As such» they are essentially shielded slotline. 

As is the case with slotline» the iMpedance of fin-line is 

directly proportional to the width of the slot. The detailed 

properties of fin-line are discussed by SharMa and Hoefer 

CRef.   lit     PP.   350-3553  and Meier   CRef.   12:     PP.   1209-12153. 

F. EVEN AND ODD MODES IN COUPLED SLOTS 

Two identical and parallel slots in either slotline or 

fin-line are considered coupled if the iMpedance and 

electrical length of one slot is effected by the proxiMity 

of the other slot. Coupled slots are the key to thf 

operation of both the slotline Magic-tee discussed in 

Reference 4 and the fin-line Magic-tee developed in this 

thesis. 

Knorr and Kuchler CRef. 13J PP. 5*1-5*7.1 define two 

doMinate Modes in coupled slots« even or odd. The even Mode 

exists when the electric fields, within the two slots  are   in 
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phase with each other» whereas» the odd node exists when the 

two electric fields are out of phase with each other» 

In the even node» the Magnetic fields which surround 

each slot couple together smoothly to form one continuous 

Magnetic field« In this configuration» the fields aid each 

other and produce a coupled impedance which is lower than 

the uncoupled impedance CRef. 10*  p. 3523» 

As the slots are brought closer together» the coupling 

increases« This effect causes the even node impedance to 

decrease« In the limit when the separation between the slots 

vanishes» each slot has half of the impedance of the new 

slot which is twice as wide as each of the original slots. 

At the other limit when the distance between the slots is 

infinite» each slot retains its uncoupled characteristics 

CRef. 10J  p. 3551. 

In the odd mode» the magnetic fields oppose each other 

and do not join together smoothly. Because of this 

opposition» the odd mode impedance is higher than the 

uncoupled impedance« As the two slots are brought closer 

together» the opposition between the two magnetic fields and 

the odd mode impedance increase CRef« 10!  p. 3523« 

In the limit» when the separation between the slots 

vanishes» there is complete opposition between two equal and 

opposite magnetic fields« In this condition» the odd mode 

impedance of each slot is exactly twice the uncoupled 

impedance of one of the original slots CRef* 10J p. 3553» 
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The electrical length of coupled slots is longer than 

the uncoupled length in the even «ode and shorter than the 

uncoupled length in the odd «ode. These differences becone 

larger as the two slots are brought closer together CRef. 

13: PP. 543-545:1. 

G.  MICROSTRIP CHARACTERISTICS 

The Microstrip that is used in this thesis is coMposed 

of a narrow center conductor with dielectric Material and a 

ground plane on both sides. If the two ground planes are 

bent around the center conductor until they touch» it will 

reseMble coaxial cable. This dual sided Microstrip» defined 

as "triplate line" by Reference 6, and coaxial cable both 

operate in the TEM Mode CRef. 6: pp. 38-613. 

H.  MICROSTRIP TO SLOTLINE TRANSITIONS 

A sirtple and effective transition fro« slotline to 

Microstrip is presented by Knorr CRef. 14» pp. 548-5533. 

With this techniaue an open length of «icrostrip on one side 

of a section of dielectric overlaps a shorted slot on the 

other side of the «arte substrate at a 90 degree angl*». The 

portion of the slot that extends past the «icrostrip. and 

the portion of the «icrostrip that extends past the slot ar*» 

exactly one quarter of a wavelength long. At the junction 

there is a reflected short in the «icrostrip and a reflected 

open in the slot. This procedure is used in both the 

^in-lin© «agic-tee and the fin-line «onopulse syste«. 
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With thin substrates and high dielectric constants, the 

power transfer through this type of transition is close to 

i:i CRef. 14J pp. 548-553:1. The fin-line magic-tee and the 

fin-line monopulse system developed in this thesis are made 

fro« Epsilam-10 which is 0.025 inches thick and has a 

dielectric constant of 10.2. The return loss of these 

transitions is minimal. 

I.     IMPEDANCE  MATCHING 

A quarter wave length impedance Matching technique is 

used in the fin-line magic-tee. This procedure joins two 

slots of unequal impedances toqether with a quarter wave 

length Matching section. The impedance of the center 

watching slot is equal to the square root of the product of 

the two original   impedances. 

If the original impedances are called Za and Zb. and the 

matching section is called Zo» the relationship becomes Zo 

equals  the  square root of Za  times  Zb. 

This relationship is easily visualized on a norMalixed 

Smith Chart. Zo is the center of the chart and Za is 

soMt?where to the left of center on the real line. Traveling 

a quarter of a wave length through the matching section of 

impedance Zo is represented on the Smith Chart by a half 

circle of radius Za» which is centered at Zo. The end of 

this half circle will be on the real k < •'•»# to the right of 

Zo. If the algebraic relationship discussed above is 

Maintained,   this point will  be Zb. 
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The proof of this relationship is based on the fact that 

all of the points on the left half of the real line of a 

Smith Chart are tha reciprocals of the eqtu 1 distance points 

on the right side of the real line» Therefore» as lonq as Za 

and Zb are on different sides of the real line and equal 

distance fro« the center» their product is unity. Since the 

center of a normalized Smith Chart is Zo which has a value 

of 1*0» the algebraic relationship discussed above produces 

a perfect impedance «atch. 
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III. FIN-LINE MAGIC-TEE 

The fin-line magic-tee is designed to mate with two 

fin-line horns fro« Reference 5 to for« a fin-line monopulse 

antenna. To provide a smooth transition between the 

Magic-tee and the horns» a bilateral fin-line Magic-tee 

enclosed in a waveguide fixture is developed. The dielectric 

is EpsilaM-10 which has a thickness of 0.025 inches and a 

dielectric constant of 10.2. 

A.     ENGINEERING  APPROXIMATIONS 

Four Major engineering approximations are used in the 

design of the Magic-tee. These approximations greatly 

facilitate the design process without introducing 

significant  inaccuracies. 

1»     Parallel  Circuit ApproxiMation 

An extensive search of the current literature failed 

to turn up design data for a coMplex fin-line structure with 

coupled bilateral fin-line slots at a dielectric constant of 

10.2. Therefore» the bilateral fin-line is modeled as two 

identical unilateral   (one sided)  circuits in parallel* 

Sharma and Hoefer CRef. Hi pp. 350-3553 compared 

the properties of bilateral fin-line and unilateral fin-line 

with dielectric constants of 2*22 and 3.0. An 80 ohm* 0.050 

inch thick section of bilateral fxn-line has 57% of the 

impedance   of   a   similar   section   of   0.025   inch   thick 
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unilateral fin-line. Changing the dielectric constant to 3.0 

drops the ratio to 55%» The sane comparison with 0*025 inch 

thick» 200 ohm unilateral fin-line produces an 84% ratio at 

a dielectric constant of 2.22 and a 73% ratio with the 3.0 

dielectric constant« 

At a dielectric constant of 10.2» the low impedance 

slots should closely fit the parallel circuit model. There 

«ay be a slight error for the largest unilateral impedance 

in the fin-line magic-tee» which is 200 ohms. However» this 

error should be minimal. 

2»  Fixtures Effect, on Impedance 

Kuchler CRef. 15. r< * 1033 compared the impedances 

of shielded and unshielded slotline with a dielectric 

constant of 20. Between 10- and 12-GHZ for a dielectric 

thickness of 0.050 inches» the shielded and unshielded 

impedances are almost indentical» The impedance of the 

shielded slot is constant to 6-GHZ. The impedance of the 

unshielded slot is approximately 10% lower at 6-GHi than it 

is at 12-GHZ. 

The quarter wavelength impedance matching technique 

discussed in Chapter Two is the only type of impedance 

matching used in the fin-line magic-tee. This technique's 

simple algebric relationship will factor out any uniform 

change in impedance. Therefore» the fixture should not 

effect the impedance matching between the slots» There may 

be a slight mismatch between the slots and the microstrip 
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leads»   but  this   «isrtatch   should   be   rtinirtal   CRef.    15«      p. 

1033. 

Based on the first two engineering approxirtations» 

all of the irtpedances in the fin-line Magic-tee are 

calculated as slotline irtpedances with a dielectric 

thickness of 0.025 inches. All of the slotline irtpedances 

are  exactly twice the desired bilateral  fin-line  irtpedances. 

3.     Length  of  the  Coupled  Slots 

The electrical length of coupled slots is different 

in the even and odd Modes CRef. 13. pp. 541-5471. The 

actual length of the coupled slots in the slotline «agic-tee 

CRef. 4} p. 5273 is the average of the even and odd Mode 

quarter  wavelengths. 

Knorr and Kuchler CRef. 13: PP. 544, 5453 graphed 

the even and odd «ode wavelengths for dielectric constants 

of 11.0 and 16.0» On both of these graphs» the average of 

the even and odd «ode wavelengths is 97% of the uncoupled 

electrical length. This percentage holds for a very wide 

range of slot separation distances» including the separation 

that  is used  in the fin-line «agic-tee. 

The length of the coupled slots in the fin-line 

«agic-tee is designed to be ?7% of the value of a sirtilar 

section of uncoupled slotline. 

4♦     Dielectric Terrtination within the Fixture 

Due to the couple« geonetry of the fin-line 

rtagic-teo   (Fig.   i>   the conventional   configuration   for   the 
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bilateral   fin-line   shown  in Figure  11   is not feasible.   The 

fin-line Magic-tee uses  a  0*02   inch   groove   in   the   fixture 

wall   to   support   the   dielectric«   This   groove   shorts   and 

electrically  seals the edges of the fins» 

B.     EQUIVALENT  CIRCUIT 

The fin-line Magic-tee is sinilar to two slotline 

Magic-tees placed back to back and Mounted in a waveguide 

fixture CRef. <\i pp. 523-5273. The equivalent circuit for 

the fin-line Magic-tee is siMilar to the circuit shown for 

the slotline Magic-tee on page 525 of Reference 4. The 

fin-line device is represented by two of these circuits 

connected in parallel. The fin-line version is surrounded by 

a  shield. 

1.  Theoretical,Operation 

An actual 1*1 scale drawing of the fin-line 

Magic-tee is illustrated in Figure 1. With the exception of 

port three» the entire Magic-tee is syMMetric about an axis 

that extends through the center of the port four Microstrip 

line. The theoretical operation of the fin-line Magic-tee is 

identical to the operation of the slotline Magic-tee CRef. 

1J     PP.   523-5271. 

The Microstrip leads froM all four ports use the 

Microstrip to slot transition technique discussed in Chapter 

Two. The short in the loop caused by the port four 

Microstrip effectively isolates ports one and two. Ports 

three   and   four  are  isolated fron each other  by the 3/4 of a 

Si 
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wavelength distance between   the   short   in   the   loop   and   the 

short caused by the port three Microstrip. 

Two signals that enter the coupled slots in the even 

Mode will couple into port three» There will be a slight 

phase shift between the two signals in the port three 

Microstrip line» This error is inherent in the design of the 

device and can only be MiniMized by keeping the slot 

separation as sMall as possible» The even Mode signals 

cancel  at port four  due  to  the  loop  geoMetry» 

Two signals that enter the coupled slots in the odd 

Mode will be out of phase at port three but will couple in 

phase at port four» The theoretical operation of the 

fin-line Magic-tee is identical to the scattering Matrix for 

the  waveguide Magic-tee   (Fig.   3). 

2»     Theqretiqql  |Mpe,dancq flashing. 

The unilateral iMpedances in the fin-line Magic-tee 

3re 200 ohMs in the loop. 100 ohMS in the slots that connect 

to ports one and two» and 70.7 ohMS and 141.4 ohMs for the 

even and odd Mode in the coupled slots» respectively» These 

reduce to bilateral iMpedances of 100 ohMS» 50 ohMS» 35.4 

ohMS and 70.7 ohMS» respectively. These bilateral values are 

identical to the iMpedances listed for the "case three" 

slotline Magic-tee CRef. 4. p« 5273» A detailed discussion 

of the theoretical iMpedance matching in the slotline 

Magic-tee is presented by Aikawa and Ogawa CRef. 4J pp. 

524-5273. 
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There are four basic relationships that require 

impedance Matching Within the Magic-tee» The paths froM port 

three to ports one and two and froM port four to ports one 

and two Must be Matched in the even and odd Modes. In all of 

these cases the coupled slots act as a quarter wavelength 

Matchinq section. The iMpedance Matching probleM either 

reduces to three series iMpedances of 100. 70.7 and 50 ohMS. 

or 50. 35.4 and 25 ohMS. In all cases, the iMpedance of the 

coupled slots is the square root of the other two 

iMpedances. 

C.  SLOT IMPEDANCE AND ELECTRICAL LENGTH 

1. Uncoupled Slots 

Cohn CRef. 16? p. 10923 graphed slotline iMpedance 

and effective wavelenqth for dielectric constants of 9.6 and 

11.0. The dat3 points on Figure 12 and 13 are extrapolated 

froM Cohn's graphs for a dielectric constant of 10» a 

dielectric thickness of 0.023 inches and a frequency of 

1Q-GHZ. All of the slot widths and electrical lengths in the 

fin-line Magic-tee are derived froM this  information* 

2. Coupled Slots 

As discussed in Chapter Two» the odd Mode impedance 

of coupled slots with no separation is equal to twice their 

uncoupled iMpedance. Their even node impedance with no 

separation is one half of the uncoupled impedance of the new 

larger slot CRef. 10:  p. 3553. 
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f\ Knorr   and  Kuchler   CRef.   13:     pp.   544,   5453   graphed 

ft* the   even   and   odd   «ode   impedances   of   coupled   slots   for 

dielectric'constants of 11 and 16» A normalized version of 

this information is plotted in Figure 14 for a dielectric 

thickness of  0.025  inches  and  a frequency  of   IQ-GHZ. 

The normalization in Figure 14 is non-standard. The 

normalizing impedance is the slot impedance for S/D (slot 

separation/dielectric thickness) approaching infinity. The 

minimum value of zero is equivalent to the even mode 

impedance with no slot separation. This correlates to half 

of the uncoupled impedance of a slot that is twice as wide 

as the original slots. The center value of 1.0 represents an 

infinite slot separation. This is equivalent to the 

uncoupled impedance of each slot. The maximum value of 2.0 

is the same as the odd mode impedances with zero slot' 

separation. This corresponds to twice the impedance of the 

uncoupled  slots. 

The width of the coupled slots and the separation 

between the coupled slots are determined by trial and error. 

During this process impedances from Figure 12 are assiqned 

to the normalized values of zero. 1.0 and 2.0 shown in 

Fiqure 14. The curve for a dielectric constant of 11.0 is 

used in this procedure. Based on the comparison between the 

curves for dielectric constants of 11.0 and 16.U (Fig. 14), 

little error  will  be  induced by this approximation. 

First»    an   arbitrary   value   for   the   uncoupled 

impedance   is   chosen.   To   illustrate  this   procedure«   an 
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initial value of 100 ohns is used for the uncoupled 

impedance. The normalized impedance of 1.0 (Fig. 14) is 

assigned this value (100 ohms). The normalized iMpedance 

value of 2*0 (Fig« 14) is set equal to twice this value (200 

ohms)♦ 

Second, the slot width (0.4340 MilliMeters) for this 

arbitrary iMpedance (100 ohns) is obtained fro« the 0.635 

Millimeter curve in Figure 12. The impedance (132.2 ohms) of 

a slot twice this wide (0.8680 Millimeters) is also 

calculated fro« Figure 12. The normalized iMpedance of zero 

(Fig.   14)   is  set equal  to half of  this  value   (66.15 ohMs). 

Third, the iMpedances in Figure 14 are now scaled 

for a dielectric constant of 10. The lower portion of the 

graph is linear froM 66.13 ohms (normalized value of zero) 

to 100.0 ohMs (norMalized value of 1.0). The upper portion 

is linear froM 100.0 ohMs (norMalized value of 1.0)-to 200.0 

ohms (norMalized value of 2.0). On this scaled version of 

Figure 14. an S/D is picked that corresponds to an odd mode 

impedance of 141.4 ohms. If the correct value is selected 

for the uncoupled impedance (step one), the even mode 

impedance will be the required 70.7 ohms« In this example, 

the normalized odd mode impedance of 1.414 corresponds to an 

S/D of 0.S613 and a normalized even mode impedance of 0*4174 

(Fig. 14). This equates to an actual even mode impedance of 

B0.28 ohms. 
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Fourth» this process is repeated until the scaled 

version of Fiqure 14 produces an odd mode impedance of 141.4 

ohms and an even Mode impedance of 70.7 ohms for the same 

S/D. There is only one uncoupled impedance (Fiq. 12) and one 

S/D (Fiq. 14) that produce this relationship for each 

specific  dielectric constant» 

For Epsilam-10» the uncoupled impedance that matches 

this criteria is 92.3 ohms. The actual slot width is 0.0134 

inches (0.3401 millimeters). The correct S/D is 0.4187. The 

normalized impedances are 0.3383 for the even mode and 

1.532 0 for the odd mode. The actual distance between the 

slots   is   0.0105   inches   (0.2A59  millimeters). 

The last step is to determine the slot wavelenqth 

from the 0.635 millimeter curve in Fiqure 13. The proper 

value for an S/D of 0.4187 is 0.5132 times the free space 

wavelenqth (Fiq. 13). As discussed in the enqineerinq 

approximations section» 97% of a quarter wavelenqth is used 

for the lenqth of the coupled slots. This value is 0.1470 

inches   (3.7335  millimeters). 

All   of  these  calculations   are   done   on   two   foot   by 

three  foot  computer  qenerated  replicas  of  Fiqures   12»   13  and 

H.   The  values  are   picked   off   of   these   larqe   charts   with 

calipers. 

D.     FIXTURE   DESIGN   AND  ASSEMBLY 

The fixture for the maqic-tee is used to hold the 

fin-line monopulse system. A 1J1 scale drawinq of the 

original  version of  the  fixture  is   illustrated  in Fiqure  15. 
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The fixture is constructed froM WR-90 copper waveguide. 

The two Mirror iMage halves have 0.020 inch deep and 0.025 

inch wide grooves in all three of the edges of the joining 

seaM. 

The two sections of dielectric are placed into these 

grooves. Then the Microstrip launchers for ports three and 

four are set into place and soldered to the Microstrip 

leads. Only one of the Mirror iMage sections of dielectric 

is etched with Microstrip. The other piece is void of Metal 

on the  inside. 

After the two launchers are soldered in place, the 

fixture is bolted together. At this point» the launchers for 

ports one  ana two  are  attached. 

The original design used OSM 2070-5029-02 launchers for 

all four ports. With this design» the launchers are held in 

place by the fixture when it is bolted together. The 

launcher is not screwed into the fixture. This arrangeMent 

does not provide a satisfactory electrical contact between 

the fixture and the  launchers. 

The fixture was Modified to accept OSM 2052-1658-02 two 

hole flange Mount jacks. The flange Mounted jacks are 

attached to the fixture with snail screws. This 

configuration provides good electrical continuity between 

the fixture and the connector. 

E.     FIN-LINE  MAGIC-TEE  DESIGN 

1.  Slotted Side 

The length of the loop is 3/^ of a wavelength fro* 

the port three Microstrip to the port four Microstrip. Tha 
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width of the loop slot and the separation between the two 

halves of the loop are operator adjustable variables« The 

computer program (Appendix A) calculates the length of the 

portions of the loop, and adjusts the length of the straight 

section in the loop to keep the overall length equal to 3/4 

of a wavelength« 

The top and bottom lengths of the coupled slots are 

vastly different. The calculated quarter wave length is 

equal to the average of these two lengths. 

All of the bends in the slots are constructed in the 

same Manner. A line extending through a bend fro* corner to 

corner will bisect the angle of the bend. In this Manner, 

the corners in a 90 degree bend are offset fro« each other 

by 45 degrees. In a 45 degree bend» the offset angle is 22.5 

degrees. This arrangement insures that the slotwidth in the 

bend is at least as wide as the slots that lead into the 

bend. 

All of these relationships are calculated oy the 

computer program which draws the magic-tee* 

The slots that lead to ports one and two are «paced 

wide apart for the first two magic-tees and closely together 

for the third magic-tee and for the fin-line monopulse 

system. In magic-tees on* and two, the slots are 0.01 inches 

from the edge of the fixture. 

In the third magic-tee and the fin-line monopulse 

system, the distance from the slots to the fixture groove is 
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twice as large as the distance between the slots. At 

11.4-GHZ these distances are one half and one quarter of a 

wavelength» respectively. The half wavelength short and the 

quarter wave length open effectively seal the edges of the 

fins within the slot. 

2.  MicrostriP Side 

The widths of the microstrip lines are taken from 

Saad's microstrip impedance graph CRef. X7X     p. 1173. 

The transitions fro« microstrip to coaxial cable are 

unique. The Metal foil on the slotline side of the 

dielectric acts as the ground plane for the microstrip. Near 

the connectors» this ground plane is parted in a "V" shape 

(Fig. 1). At the sane time the width of the «icrostrip is 

flared 3t a lesser angle. The flare in the «icrostrip is 

adjusted to Maintain a SO oh« impedance at every point in 

the line. 

The notch in the ground plane is flared at a 45 

degree angle in each direction. The total angle of the notch 

is 90 degrees. The «axinun width of the notch occurs at the 

inside edge of the fixture. At this point» the width of the 

notch exactly matches the diameter of the hole in the 

fixture wall* which exactly matches the outside diameter of 

the dielectric within the flanged launcher. 

The magic-tee dielectric extends through the hole in 

the fixture and touches the launcher's dielectric. With this 

alignment, the inside wall of the shield on the coaxial 
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cable transitions snoothly through the  launcher  to   the   edge 

of the ground plane notch» 

This Microstrip to coaxial cable transition 

«ininizes physical discontinuities that could cause 

inductive or capacitive reactances CRef. 18J p. 953» This 

lack of reactance «axinizes the bandwidth through the 

fixture wall« 

F.      MANUFACTURING  PROCESS 

A sinple for« of computer aided design is adapted for 

this project. A BASIC Computer Progran. written on an HP 

9845B conputer <with an HP Graphics ROM), controls an HP 

9872C Plotter. The plotter draws the outline of the 

naqic-tee four tines the actual size (451 scale). The 

outline is filled in by hand, using black narking pans. The 

completed drawing  is photographically reduced. 

The negatives, which are exactly 1.1 scale, are used as 

etching «ash*. The negative for the slot side and the 

negative for the nicrostrip side are taped to opposite sides 

of a scrap section of dielectric. The alignment between 

these tuo negatives is done on a light table. The phase 

difference at port four, between signals that originate at 

ports one and two can be altered by poor  alignment. 

The section of dielectric that is to be etched is Placed 

between the two negatives during the etching process. The 

completed etching is hand cut and sanded to fit  the fixture. 

38 

>r.v *« .v AV; tV*JM?.viikVJVJU£Af^vjVäytfjL^ai^ 



G,  COMPUTER AIDED DESIGN 

A simplified version of CAD (Computer Aided Design) is 

used to draw the outline of the magic-tee and fin-line 

monopulse system (Appendix A)» This process starts by 

establishing an imaginary "X, Y" Cartesian Grid. Every 

significant point that defines the drawing is assigned two 

grid lines. One in the X-direction and one in the 

Y-direction. The grid line labels start at Xa in the 

horizontal direction and at Ya in the vertical direction. 

The origin of the grid is the point where the port three and 

port four microstrip lines would intersect if extended. The 

distances between the grid lines are defined by variables. 

There are numerous points on most of the grid lines» but no 

two points share the same horizontal  and vertical  grid  line» 

Each point which defines the drawing is numbered* 

starting at one» and assigned its own unique coordinates. If 

point one lies on the intersection of Xc and Yv» then XI is 

set equal to Xc and Yl is equated with Yv. This procedure is 

repeated for every point that defines the drawing. 

The awkwardness of this approach is more than offset by 

two key advantages. First, the program that draws the 

magic-tee is very easy to write. The command HOME Xi» fi 

followed by DRAW X2, Y2 draws a line from point one to point 

two. 

The second 9o<i perhaps most dramatic advantage occurs 

whim the value of one of the variables  is changed.   Only  one 
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line in the program has to be changed to adjust the width of 

any slot. All of the grid lines that are affected by this 

variable are automatically adjusted as the program is 

executed» 

Once the program is written» this approach is faster 

than roughly sketching new ideas by hand. Accurate scaled 

drawings showing nuherous variations can be completed in a 

few Minutes without the aid of a draftsman or expensive 

drafting  computer. 

The computer program adjusts the locations of the 

numbered points to compensate for half of the thickness' of 

the line that the plotter makes. There is also a few 

variable fudge factors that the operator can assign to any 

point in the program to account for anomalies introduced by 

the plotter. Each finished drawing is measured under a 

microscope. The variable that adjusts for the width of the 

plotter's pen and the fudge factors are adjusted at this 

time. 

The same computer program draws the magic-tee, the 

fin-line horn» and the fin-line monopulse system (Appendix 

A). The interactive program asks the operator a string of 

questions. These questions include. Which drawing is to be 

made?; Which side (slot or microstrip) is to be drawn?» and 

Is it a rough draft or smooth copy? The lines on the smooth 

copy take considerably longer to draw but are extremely 

accurate   (Appendix  A). 
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The prograM can add a scaled three inch ruler bo the 

bottoM of the drawing. This ruler is used to check the 

accuracy of the photo reduction. The ruler was only used on 

the first photography work order. The precision work 

accoMplished by the Naval Postgraduate School Photo Lab is 

exemplary. 

H.     RESULTS 

1. Fixture 

As discussed above» the original fixture design does 

not provide sufficient electrical continuity between the 

launchers and the fixture. The flanged jacks» which attach 

to the Modified fixture with screws» solve this problem. 

The soldered joints in the fixture cane apart on two 

occasions» Repair is extrenely difficult due to the heat 

conducting properties of copper. The heat required to fix a 

sea« is sufficient to loosen an adjacent joint. 

Due to the flexibility of Epsilan-IQ» the fixture 

does not apply enough pressure to Make good electrical 

contact with the port three and four Microstrip. This 

probleM is solved by soldering the launcher probes to the 

Microstrip. 

2. Magic-Tee NuMber One 

The loop of this Magic-tee tapers into the coupled 

slot region. The second Magic-tee does not have this taper. 

Other than that, the first two Magic-tees are identical. 
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The first Magic-tee was destroyed in testing. The 

soldered connection on port four ripped the Microstrip off 

of the dielectric when the screws that attach the launcher 

to the fixture were tightened. 

F'reliMinary reflection checks on a scalar analyzer 

were perforMed prior to this daMage. The reflections for 

this Magic-tee are slightly worse than the similar 

reflections in the second Magic-tee. 

3.  Hagic-Tee NuMber Two 

The slots that lead to ports one and two in this 

Magic-tee are 0.01 inches inside of the fixture wall. The 

actual scattering Matrix for this device is illustrated in 

Figure 16. The reflections in this Magic-tee are quite high. 

The phase shifts are alMost perfect» except for a 

slight phase error associated with port four. This is 

probably caused by iMproper alignMent of the two negatives 

prior to the etching process. 

^•  Magic-Tee NuMber Three 

The closeness of the port one and two slots to the 

fixture wall in the second Magic-tee causes an apparent 

discontinuity where the fixture terMinates. These slots were 

set well inside the fixture on the third Magic-tee in hopes 

of eltMinating this discontinuity. 

The actual scattering Matrix for the third Magic-tee 

is shown in Figure 17. This Magic-tee also has near perfect 

ft 



phase shifts» However» the reflections are a little higher 

than they were for Magic-tee number two» 

The actual phase and Magnitude froM 8- to 12-GHZ for 

each of the 16 points in Magic-tee nunber three's scattering 

Matrix are illustrated in graphical forM in Figures 18 to 

33. 
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IV. FIN-LINE MONOPULSE SYSTEM 

A.  DESIGN 

The fin-line «onopulse systen is a eonbination of 

fin-line Magic-tee nuMber three and two of the fin-line 

horns developed by Ha<* in Reference 5♦ The horns are dr iven 

fro« ports one and two of the Magic-tee. The width of the 

slot in the horns is the sacie width as the Matchinq slots in 

the fiaqic-tee* The half wave length geoMetry of the fin-line 

horn and fin-line Magic-tee are Maintained in the fin-line 

Monopulse systeM (Fig. 34). The Monopulse systeM is drawn ai 

a 2'.*:l. scale* The HP-9872C Plotter will not accoMModate a 

larger drawinq. 

All of the exposed edqes of the dielectric, except the 

actual horn openings, are sealed with copper tape. This 

prevents energy fro« leaking out of the slots and destroying 

the antenna patterns. 

The distance between the center of the two horns is 

30.44 MilliMeters. At 10.3-GMZ. this distance is esual to 

1.03 wsvelenqths in air and 3.34 wavelenqths in EpsilaM-10. 

The antennas use both air and dielectric to propagate the 

antenna pattern. Therefore* the effective elenent spacing of 

the fin-line Monopulse systen is between the 11Mits of 1.05 

and 3.34 wavelengths at 10.3-GHZ. 
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The E-plane pattern for a single fin-line horn with a 

dielectric constant of 10.2 is illustrated in Figure 6. The 

associated H-pl3ne pattern is shown in Figure 35» The 

extreme width of the H-plane pattern is due to the high 

dielectric constant of 10.2» Similar horns constructed with 

a dielectric constant of 2.54» have nearly symmetrical E~ 

and H~plane patterns CRef. 53. The Monopulse effect of this 

syste« is entirely in the E-plane. Therefore, the wide 

H-plane element pattern will produce a wide H-plane 

monopulse  system pattern. 

The   gain   of   each   antenna   is   obtained by comparing  the 

amplitude of  the   antenna   pattern   with   the   pattern   from   a 

standard  gain  horn. 

B*     RESULTS 

The actual E- and H-plane patterns for the monopulse 

system are shown in Figures 36 and 37 respectively. The gain 

of the sum pattern is eight dB. This is four dB above the 

element  pattern.   A  three  dB   improvement   is   expected   (Fig. 

The first nulls in the sum pattern (Fig. 3o) &r>» 

approximately 29 degrees left and right of boresight. The 

element spacing in the computer simulated sum pattern (Fig. 

38) is adjusted until the first nulls occur at plus and 

minus 29 degrees. The corresponding simulated difference 

pattern is shown in Figure 39. The effective element spacing 

that  produces  this  match  is   1.60  wavelengths. 
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Ttie difference port Microstrip was torn off of the 

dielectric during testing. This occurred after the patterns 

in Figures 36 and 37 were taken» The daMage was repaired by 

soldering a SMall section of copper foil across the break. 

Following this repair, the fin-line Monopulse systeM was 

tested» in an effort to find the botto«*. of the difference 

null. Figure 40 shows the results of this test. The recorder 

gain is «axinuM» and the eight dB SUM pattern is saturated 

against the top of the recorder. Yet, the bottoM of the 

difference null is still not visible. 

!F 
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V. CONCLUSIONS AND RECOMMENDATIONS 

A,  FIXTURE 

1»     Conclusions 

The original fixture desiqn is unsatisfactory. It is 

too fragile and it does not provide qood electrical 

continuity between the Maqic-tee and the launchers at ports 

three and four. The Modified fixture» which has screwed on 

coaxial to Microstrip launchers at ports three and four, is 

Marqinally  effective» 

The electrical transistions throuqh the fixture wait 

at ports three and four do not appreciably restrict the 

bandwidth of the fin-line «aqic-tee (Fiqs. 10-33). 

Therefore, the holes in the fixture at ports three and tour 

and the notches in the Maqic-tee's qround plane at ports 

three and four function reasonably well. 

2.     R'ecoMMendations 

Testinq should not be resuMed until an iMproved 

fixture is constructed. Each half of the new fixture should 

be Machined out of a solid piece of Metal» All of the 

launchers which connect to the fixture should be attached 

with screws. A stiff or seMi-riqid dielectric should be used 

to avoid the necessity of solderinq the launchers to the 

Microstrip   lines.   The  Microstrip   to  coaxial   transition 

r.- 
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concept which is used in this thesis should be incorporated 

in the new fixture design. 

B.  FIN-LINE MAGIC-TEE 

1♦  Conclusions 

The fin-line Magic-tee worked better than expected 

after only three iterations of the developmental process. 

The phase shifts are very close to the theoretical 

paraMeters. However, the dielectric Material is tor* flexible 

and the reflections at all four ports need to be reduced. 

There are four factors that could be causinq the 

high relections. First» as noted in the enqineerinq 

approximations (Chap. 3). the bilateral fin-line impedance 

of the loop Miqht be slightly above the desired 100 ohMs. 

Second» the soldered connections on the «icrostrip 

lines at ports three and four probably introduce significant 

reflections. 

Third» the «aqic-tee is not coMPletely syneteric. 

The port three Microstrip line couples with two slots while 

the Microstrip at port four couples with a single slot. 

Fourth» due to the different dielectric constants of 

aiv and EpsilaM-10» the distribution of the electri? field 

within the dielectric is not the same as the distribution of 

the electric field in the air. Therefore» the reactive 

interference in the air is not the san« as the reactive 

interference within the dielectric Material* These unmatched 

i «sactances probably contribute to the harmonic pattern of 

reflections observed at all four ports (Figs. 1B-33). 
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2«     Recommendations 

Future magic-tees should be made out of a stiff or 

semi-rigid dielectric Material. The combination of a stiffer 

material and a new fixture design should eliminate the need 

for  soldered connections. 

Two new magic-tees should be made with unilateral 

loop impedances of 190 ohms and 195 ohms. Tests of these 

tees will help identify the proper unilateral loop impedance 

and check the accuracy of the first engineering 

approximation• 

Two sections bf dielectric Material which are 

totally void of Metal foil can be added to the outsides of 

the existing two sections of dielectric* In this 

configuation, the slots will be totally surrounded by the? 

sane dielectric constant. This should improve the syMMetry 

of the electric field distribution near the slots* thereby 

reducing the anount of reflected energy within the 

Magic-tee. 

C.  FIN-LINE MONOPULSE SYSTEM 

1.  Conclusions 

The Performance of the fin-line monopulse system is 

very satisfactory. The null in the difference pattern is 

more than 40 dB below the peak of the 3*JH pattern at 

10.3-GHZ (Fig. 4U>« This deep unmeasurable null which 

exactly splits the main peak of the sum pattern (Fig. -"JO) is 

the «ssence of a good monopulse antenna* The minor problems 

r"?*. 
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caused   by   high   reflections   should   be   resolved   when   the 

fin-line magic-tee  is  improved» 

The peak in the fin-line monopulse system's 

difference pattern is appropriately nine dB lower than the 

peak in it's SUM pattern (Fig. 36)» This difference is 

approximately three dB «ore than the corresponding 

relationship in Skolnik's patterns CRef. 7\ pp* 17-233» The 

fin-line comparator's weak difference pattern is probably 

the result of reflections caused by the large guanities of 

solder on the port four microstrip line. The shape of the 

fin-line monopulse system's SUM and difference patterns and 

the exact centering of the difference null are almost 

identical  to Skolnik's  illustrations. 

Skolnik CKef. 7\ pp. 10-283 shows that the second 

null in a theoretical SUM pattern is not present on an 

actual Monopulse pattern. This effect is roughly reproduced 

in this thesis (Figs. 36 and 38)• The second and third peaks 

in the simulated SUM pattern (Fig. 38) are at 10 and 72 

degrees respectively« Corresponding peaks are evident at 50 

and 77 degrees on the actual pattern (Fig. 36). The actual 

pattern i.» filled in between these two peaks just as Skolnik 

predicted. 

As discussed in Chapter Four, the effective element 

spacing at 10.3-GHI is 1.60 wavelengths. This is 152% of the 

element spacing in air and 4BX of the element spacing in the 

dielectric.   These percentages are probably a function of the 
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dielectric   constant.   Therefore»   the   effective   elecient 

spacing of  the fin-line   monopulse   system   can   probably   be 

controlled by proper  selection of  the dielectric constant. 

2.     Recommendations 

The fin-line monopulse system should be enlarged to 

include two orthoganal difference ports. This will make it 

useful as a target tracking antenna IRef. 7* pp. 10-233. 

The diamond configuration shown in Figure 4 and the square 

design illustrated in Figure 5 can both be adapted to the 

fin-line monopulse technique. 

a»     Diamond Fin-Line Honopulse System 

A simple arrangement of four horns connected to 

three fin-line magic-tees can be constructed using a 

semi-rigid dielectric Material» This configuration wilt 

consist of two of the fin-line monopulse comparator? 

developed in this thesis placed side by side. The difference 

ports of these two comparators will be the elevation and the 

azmuith ports for the new three port system. The sum ports 

will connect to the inputs of the third magic-tee. The third 

magictee's sum port will be the system's sum port. The 

difference port of  the third magic-tee will  be  loaded. 

The individual azimuth and elevation comparators 

will be electrically orthogonal to each other if they are 

each twisted 45 degrees in opposing directions« The twisting 

should be confined to the area between the fixture and the 

horns.   In this configuration the two groups of antennas will 
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be orthogonal  to each other»   yet  all  three   magic-tees   will 

be  in  the sane plane« 

b.     Square Fin-Line Monopulse System 

A dual plane fin-line monopulse s y s t e M 

constructed out of semi-rigid dielectric Material is 

illustrated in Figure 41. The dielectric Material will have 

to be flexible enough to bend» yet rigid enough to provide 

good electrical contact between the microstrip lines and the 

launchers. This device will require careful engineering to 

properly align the sheets of dielectric Material. Once these 

problems are solved» nass production should be easy. 

D. COMPUTER AIDED DESIGN 

1.     Conclusions 

The coMputer aided design portion of this thesis i* 

useable» however it should be enlarged to include «ore of 

the design process. 

2«     flgcoMftfndaUqnS 

Figures 12» 13, and 14 should be Modified to include 

d wider ränge of dielectric constants and dielectric 

thicknesses. The data in the new versions of Figures t2 and 

13 con probably be represented by siMple algebraic equations 

tRef. 10! PP. 226-2283. The new version of Figure 14 could 

bn approximated by exponential equations. The four step 

trial and error process presented in Chapter Three and the 

design parameters for the fin-line horns CRef. 53 can 

probably be written in the for« of a short computer  program. 

hs 
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information  should be computerized  and added to  the existing 

program   (Appendix  A). 

The improved version of the computer aided design 

program could ask the operator» What gain/beam width 

combination is desired for the fin-line monopulse system? 

The program could then recommend the approriate dielectric 

constant and prompt the operator to place the paper on the 

plotting table« When the first drawing is finished, the 

program could prompt the operator to change the paper. Usinq 

this concept, made-to-order monopulse target tracking 

antennas could be inexpensively mass produced in a matter of 

days. 

E.     MEETING  THESIS  OBJECTIVES 

Magic-tees number two and three and the monopulse system 

satisfy the first objective listed in the introduction. The 

sum and difference patterns (Figs. 36» 37, and 10> are 

better than expected for limited iterations of the design 

process. They meet the second objective. The interactive 

computer aided design program (Appendix A) satisfies the 

third objective. The recommendations presented in thi<* 

chapter  fulfill  the final  objective of this thesis. 
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APPENDIX    R 
COMPUTER PROGRAM LISTING 

HSEC THESIS 

FIH-UHE MAGIC TEE, FIN-LINE HORN AND 
FIN-LINE MONOPULSE SYSTEM 

BY LCDR JAMES U. ROWLEY 

AUGUST 1989 

NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA. 

(WRITTEN ON AN HP-984SI} WITH AN HP-9I72C PLOTTER) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I MISC. PROGRAMING INFO: 
I 
I 
I THIS PROGRAM IS WRITTEN IN "BASIC1. THE FOLLONIHC RULES APPLY: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BUILT IN COMMANDS: THE EHTIRE WORD IS IN UPPER CASE LETTERS. 
DEFINITION OF NON-STANDARD BUILT IN COMMANDS: 

ATNO: RETURNS THE ARC TANGENT OF THE VARIABLE IN THE BRACKETS. 
MSCALE ft,l!  PLOTTER IS SCALED IN MILLIMETERS. THE ORIGIN IS 

*A* MILLIMETERS LEFT AND *B" MILLIMETERS UP FROM THE LOWER 
LEFT HAND CORNER OF THE PLOTTING AREA. WHEN «MSCALE* IS 
USED, ALL UNLABLED UNITS IH THE PROGRAM ARE IN MILLIMETERS. 

PLOTTER IS ■*: COORDINATES THE COMPUTER AND THE PLOTTER. 
DEC: TELLS THE COMPUTER THAT ALL AHGLES ARE IN DEGREES. 

VARIABLES:  ONE UPPERCASE LETTER FOLLOWED BY NOTHING, OR FOLLOWED 
BY A STRING OF LOWERCASE LETTERS AND/OR NUMBERS. A VARIABLE 
CAN BE UP TO 19 CHARACTERS LONG. IF A VARIABLE IS ENDED IH A 
DOLLAR SIGN <«>, IT IS A STRING VARIABLE. DUE TO THE EXTREMELY 
LARGE NUMBER OF VARIABLE9 IN THIS PROGRAM, THEY ARE DEFIHED AHD 
ASSICNED INITIAL VALUES AT THE SAME TIME. THIS PROGRAM DEFINES 
KEY POINTS IN TERMS OF 'X* AND "Y* REFERENCE PLANES. THESE PLAHES 
ARE DEFINED BY A COMBINATION OF A FEW KEY DIMENSIONS. THIS CHAHCE 
OF VARIABLES APPROACH WAS USED TO FACILITATE FUTURE DSSICH 
MODIFICATIONS. A FOLLOW ON PROGRAMS« CAN CHANCE ANY ONE OR MORE 
OF THE KEY DIMENSIONS IN THIS PROGRAM AND THE ENTIRE DRAWING WILL 
IE AUTOMATICALLY ADJUSTED. THIS IS A LIMITED APPLICATION OF CAD 
(COMPUTER AIDED DESIGN). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I STEP ONE! DETERMINE WHICH DRAWIHC THE OPERATOR DESIRES. 
INPUT 'MAGIC-TEE <TS£>$ HORH <HORN>| OR HONOPULSE SYSTEM <HONO>?",Brtw«n«S 
IF 8r>wtn«««*TEE* THEN 811 
IF BrtMlneM'HORN* THEN 911 
IF Dr«uln«M*NONO« THEN 911 
GOTO 499 IASK QUEITION UNTIL PROPER REPLY IS GIVEN. 
INPUT »DRAW FIN-LINE OR MICROSTRIP SIDE? <F'M>,C0NT*,tt4tf 
IF 9t«ttl>*F* THEN 991 
IF SttftM'H* THEN 991 
GOTO »litWRONG REPLY. 
I 
INPUT »MAW RULER AMI COMMENTS? <Y/N>,CONT*,Sul«rt 
IF Rultrt>*V THEN IIIICHECK FOR PROPER REPLY. 
IF Rultrt«*N" THEN 811 
COTO 888 IASK QUESTION UNTIL PROPER REPLY IS GIVEN. 
I 
INPUT »WICK LINE <t>, OR PRECISION LIN8 <4>*,Ltn«fHm*ti> 
IF Ltntnw»b»r-1 THEN 888 
IF UMM»»tr-4 THEN 841 
GOTO SIIIAIK UNTIL VALIJ REPLY GIVEN. 
S«fMftt»llt>.84    (DISTANCE BETWEEN THE DOTS, IF A DOTTED LINE IS USE». 
I 

888  I 8T8P THOt ADJUST THE GENERAL LAYOUT OF TNI DRAWING. 
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670 
600 
690 
700 
710 
720 
730 
740 
790 
760 
770 
700 
790 
000 
010 
020 
030 
040 
0S0 
060 
070 
000 
090 
900 
910 
920 
930 
940 
990 
960 
970 
900 
990 
1000 
1010 
1020 
1030 
1040 
1030 
1060 
1070 
1000 
1090 
1100 
1110 
1120 
1130 
1140 
1180 
1160 
1170 
1100 
1190 
1200 
1210 
1220 
1230 
1240 
1290 
1260 
1270 
1200 
1290 
1300 
1310 
1920 

I 
I THIS SECTION CONTAINS REQUIRED COMMANDS FOR COM' . .ER/PLOTTER 
I COORDINATION AND GENERAL COMMANDS AND VARIABLES THAT ARE ■ 
I USED TO ORCANI2E THE DRAWING. 
PLOTTER IS "9872A"  (COORDINATES COMPUTER AND PLOTTER. 
DEG I ALL ANGLES IN THE PROGRAM ARE IN DEGREES. 
TI»UI»'3" (THIS HILL BE PRINTED ON THE DRAWING. 
FHp-t 1-1 PUTS THE SUM HOTCH ON THE OPPOSITE SIDE. 
Xctnttr-82 ICENTER OF DRAWING ON PAGE IN MM FROM LOWER LEFT. 
Yctnttr-93 ICENTER OF DRAWING ON PAGE IN MM FROM LOWER LEFT. 
MSCALE Xc*nttr,Ycent*r   IPOSITIONS THE DRAWING ON THE PAPER, 
Se*Jt"l ITHE ENTIRE DRAWING IS SCALED TO THIS FACTOR. 
MM«SC*1# (DEFINES MM-MILLIMETERS (DRAWN TO SCALE). 
In"23.4»Sc*lt      IDEFINES In«23.4 MILLIMETERS 
LINE TVPE LintnuMb«r,$tgMtntsiz» 

INCH (DRAWN TO SCALE). 

t IF LintmiMbtr EQUALS M", THE PLOTTER WILL DRAW 
I A REGULAR LINE. IF LintmiMbtr EQUALS "4", THE 
I PLOTTER WILL DRAW A DOTTED LINE WITH OVERLAPPING 
I DOTS. THE DOTTED LINE ELIMINATES PEN OSCILLATION 
I ERRORS, AND PRODUCES A VERY HIGH QUALITY SOLID LIHE. 

I 
I 
I STEP THREEI DEFINE THE DIMENSIONS OF THE DRAWING. 
I i 
I "THE FOLLOWING VARIABLES DESCRIBE THE ENTIRE DRAWING. THE REST OF THE 
I PROGRAM USES THESE VALUES TO CONSTRUCT THE DRAWINGS. 
I ANY CHANGE IN THESE VARIABLES WILL RESULT IN ALL ASSOCIATED PARAMETERS 
I IN THE DRAWING BEING ADJUSTED AUTOMATICALLY. 
I   VARIABLES ASSOCIATED WITH THE MAGIC TEE END IN A "t" SUBSCRIPT. 

VARIABLES ASSOCIATED WITH THE SIHGLE HORH END WITH AN "h" SUBSCRIPT. 
VARIABLES ASSOCIATED WITH THE MONOPULSE SYSTEM END IN AN 
SUBSCRIPT. 

I 
I 
I 
I 
I 
I 
I 
Er« 

"Mh" 

USER DEFINED VARIABLES: 

10.2 

L*»bd«Ztro>26. 386»MM 
L*Mbdad>L*Mbd*ttro'SQR(Er) 
,Qwcoui>ttd>lois".4990*L*Mbd4Z«ro/4 

Qwl eop". 6366«L*Mbdtstro'4 
QtiMicro»tHpaL*Mbd*d'4 
QwKorn«1ot*.9216*L*Mbd4s«ro'4 
I 

I DIELECTRIC CONSTANT. Er IS ONLY USED 
t 70 CALCULATE THE TEH WAVELENGTH IN 
» THE MICROSTRIP LIHES. 
I FREE SPACE WAVELEHGTH AT 11.4 GHZ. 
ITEM WAVELENGTH. 
I QUARTER WAVELENGTH IN COUPLED SLOTS. 
I .4990 IS 97X OF THE VALUE FOR A 
I 0INGLE SLOT THAT IS NOT COUPLES. 
I QUARTER WAVELENGTH IN LOOP SLOTS. 
I QUARTER WAVELEHGTH IN MICROSTRIP (TEN). 
I QUARTER WAVELENGTH IN 100 OHM SLOT0. 

I THE FOLLOHIHG DIMENSIONS ARE EXACTLY MATCHED TO THE SIZE OF THE FIXTURES 
At*.169*Ii 

lt>.0230»In 

Ct>.03*!n 

0t>.22*In 

Et>.770»!n 

FlM.Stln 

6rt-.9*In 
CU-.aSMn 

(WIDTH OF THE HOTCH IN THE COPPER FOIL THAT NATCHE9 THE 
I HOLE 1H THE FIXTURE THAT CONNECTS THE DEVICE TO THE 
I COAXIAL LAUNCHER. 
IWIDTH OF THE H1CR0STRIP TRAHSITION AND OF THE WIDTH 
I OF THE CEHTER CONDUCTOR IN THE COAXIAL ADAPTER. 
I THICKNESS OF THE FIXTURE WALL THAT IS BEYOND THE 
I SUBSTRATE GROOVE. 
IDISTAHCE FROH CEHTER OF DIFFEREHCE PORT TO THE EDGE 
t OF THE DIELECTRIC THAT 10 INSIDE OF THE FIXTURE. 
I LEFT EDGE OF THE SUBSTRATE TO THE CEHTER OF SUN PORT. 
I THIS VALUE HAKES THE SUH AHD DIFFERAHCE PORTS 
I APPROXIMATELY THE SÄHE LENGTH. 
ICENTER OF SUN THE PORT TO THE RIGHT EDGE OF THE FIXTURE. 
I THIS ALLOW0 SUFFICIENT ROOM TO MOUNT THE FIXTURE 
t WHILE TRK1HG ANTENNA PATTERNS. 
IALLOWS ROOM FOR LAUNCHERS ON RIGHT SIDE OP PORTS 112. 
I ALLOWS ROOH FOR LAUNCHERS ON LEFT SIDE OF PORTS 112. 

k 
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133« 
134t 
139« 
1368 
13?a 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
14S0 
1460 
1470 
1480 
1490 
1300 
1910 
1920 
1330 
1340 
1998 
I960 
1970 
1980 
1990 
icee 
1519 
1620 
1633 
1640 
1630 
uco 
1870 
1CS0 
1890 
170« 
1710 
1720 
1730 
1740 
1790 
1780 
1770 
1700 
1790 
1000 
1010 
1020 
1030 
184« 
1030 
I860 
1878 
18«« 
189« 
19«« 
191« 
192« 
193« 
194« 
193« 
198« 
197« 
1««« 

I 
I THE FOLLOWING DIMENSIONS DEFINE THE LAYOUT OF THE MAGIC TEE; 
I THREE DIFFERENT VALUES FOR Ht ARE GIVEN. PICK THE APPROPRIATE ONE. 
I Ht"1.311?«M« IHIDTH OF 160 OHM LOOP SLOT. 
I Ht«1.674»M» (WIDTH OF 180 OHM LOOP SLOT. 
Ht»2.036tM»       IHIDTH OF 200 OHM LOOP SLOT. 
It«.340»M»        IUIDTH OF THE COUPLED SLOTS. 
Jt».43995*M»      IUIDTH OF THE 100 OHM "HORN" SLOTS. 
Kt".2086»M»        IUIDTH OF MICROSTIP.' 
Lt*.0781tln       ILENGTH OF THE TRANSITION IN THE SUM AND DIFFEREHCE 

I MICROSTIP LINES. 
Ht"2.34»M«        I DISTANCE BETWEEN THE SLOTS IN THE LOOP. 
Nt«Ht*Mt/2-<It*0t/2> IMAKES ANCLE BETWEEN PTS 36,37 AND 38 133 DEGS. 
Ot».266«M»        ID1STANCE BETWEEN COUPLED SLOTS. 
Pl»1.3tM* IUIDTH OF THE ISOLATION SLOT. 
Qt*.3t<DWt>     IMAKES THE PARALLEL SLOTS 1/4 WAVELENGTH APART AND 

I AND HALF A UAVELEHGTH FROM FIXTURE WALLS AT 11.4 GHZ. 
Rt*.23tln I DISTANCE BETWEEN FIXTURE AND FIRST CORNER IN SLOTS. 
St«.2#!n IDISTANCE FROM FIXTURE TO VERTICAL SLOTS. 
IF Rt*.l#In>St THEN Si-Rtt.ttlnlALLOWS ROOM FOR LOWER BEND IH THE 

I IN THE 1HPUT SLOTS (OUTSIDE OF FIXTURE). 
Tt».3tln (SIDE OF 43 DECREE CUTOUT'. 
Ut"0«ln ILENGTH OF VERTICAL SLOTS. 
VV"19«M* IHALF OF THE SEPARATION BETWEEN THE "HORN" SLOTS. 
I THE NEXT LINE INSURES ADEQUATE SEPARATION BETWEEN THE TIPS OF THE 
I MICROSTRIP THAT EXTEHDS FROM PORTS ONE AND TWO. 
IF VK.39«In THEN Vt».39»In 
Wt«.9#In IDISTANCE FROM "HORN" SLOTS TO EDGE OF DIELECTRIC. 

I THIS ALLOWS SUFFICIENT ROOM TO MOUNT THE LAUNCHERS. 
I 
I THE FOLLOWING LINES DEFINE THE HORN. 
Anglth*9.1 IHALF OF THE HORN ANGLE. 
Nh>0 IHML*»bcl*d-LENGTH OF HORN FLARE (Bh>. 
I 
I THE FOLLOWING DIMENSIONS ARE USED TO ADD THE MISC. DATA TO THE DRAWING. 
SlxtttntMl/i6»!n  (USED TO BUILD RULER AT THE BOTTOM OF THE DRAWING. 
Sp*et-.87«ln      I SPACES THE COMMENTS AND RULER AWAY FROM THE DRAWING. 
I 
I 
I THE FOLLOWING VARIABLES ARE COMBINATIONS OF THE USER DEFINED VARIABLES, 
I AHD/OR SHORT VARIABLES THAT REPLACE LONGER MORE DESCRIPTIVE VARIABLES. 

ILENGTH OF MICROSTRIP OVERLAPS. 
ILENGTH OF HORN SLOT OVERLAP. 

Bat"Qwalcro«tHp 
Bbl'Qwhorntlot 
I 
I THERE ARE TWO VALUES FOR Bel AHD Bdt GIVEN. OHE SET MAKE« A TAPERED 
I LOOP, AHD THE OTHER SET MAKES A NON-TAPERED LOOP AS INDICATED. PICK 
I THE DESIRED TYPE OF LOOP GEOMETRY. 
I 
I TAPERED LOOP! 
I An«lt8 IS THE ANCLE USED TO DETERMINE Bet AND Bdt. IT I« ONE HALF OF THE 
I AVERAGE OF THE TWO ANGLES FORMED BY POINTS 20,21,22 AND 36,37,30. Be» 
I AHD Bdt ARE USED TO HAKE A SMOOTH TRANSITION AROUND THE CORNERS IN 
I THE LOOP. 
I An«lt0«<<188-ATN<<Ht*Mt/2-It-0t-'2>/Nt>>/2»<180-ftTN<<Ht/2-0t/2>/Nt>>/2>/a 
I Bct>Ht/TAH<AngWO)  I THE OFFSET AT THE RIGHT SIDE OF THE TAPERED LOOP. 
I ldt>It/TAN<Angl«0>  IOFFSET AT EDGE OF TAPERED LOOP. 
I 
I  NON-TAPERED LOOP! 
AngW00-ATN<Nt'<Ht*Ht'2-<It+0t/2>>>     IFOR NON-TAPERED LOOP. 
Bct*Ht#TAH<49-AnaJt00/2>   IFOR NON-TAPERED LOOP. 
Bdt*Ht/GOS<An«WOO>-!t«TAN<Ancjtt«0>   IFOR NON-TAPERED LOOP. 
I 
I 
B«t-Jt/C0S<43)-lt  IOFFSET AT LEFT ID6I OF COUPLE« «LOT«. 
Bft-awc«u»Ud«lot»-»tt/2-Bdt/2  ILENGTH OF THE TOP OF THE COUPLED SLOT«. 
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V 
,v 

> 
V 

1990 
2oee 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2000 
2090 
2100 
2110 
2120 
2130 
2140 
2130 
2160 
2170 
2100 
2190 
2200 
2210 
2220 
2230 
2240 
2290 
22(0 
2270 
2200 
2290 
2300 
2310 
2320 
2330 
2340 
2380 
2360 
2370 
2300 
2390 
2400 
2410 
2420 
2430 
2440 
2430 
2400 
2470 
2400 
2490 
2300 
2310 
2920 
2930 
2940 
2990 
2900 
2970 
2900 
2390 
2000 
2010 
2020 
2030 
0040 

Bgt>TAN(22.3)»Jt 
I 

I OFFSET FOR 43 DECREE BENDS IN 100 OHM SLOTS. 

I THE FOLLOWING CALCULATIONS MAKE THE CENTERLINE OF THE LOOP 3/4 OF A 
I WAVELENGTH LONG. 
ArC"<Ht+HD*PI/4-Ki/2 I ARC LENGTH, EXCLUDING PORTION THAT OVERLAPS THE 

I NICROSTRIP. 
S}*fUp*rtonoop»SQR<<Nt+Bct'2-Bdt'2>*2+<CMt+Ht-0l-H>/2>«2> (LENGTH OF THE 

I SLANT PART OF 
I THE LOOP, 
I MEASURED ON 
I CENTERLINE. 

F1atp*rtof1oop-3»aw1oop-Arc-Sl*ntp*r>tonoop-Bdt/'21ADJUSTABLE PART OF LOOP. 
Iht-FUtpartonoop+Bct/2  ITHIS MAKES THE LOOP 3/4 OF A WAVELENGTH LONG. 
I 
BH»Dt-QA-It-0t/2 

BJt»Dt-Ot-Jt 

Bkt>6t-Rt 

BH«Vt-BJt-Bls*-Ut 

(LENGTH OF 43 DEC SLOTS <IN THE X" AND "Y" DIRECTIONS) 
! THAT ARE INSIDE OF THE FIXTURE. 
I DISTAHCE FROM CEHTERLINE TO INPUT SLOTS (INSIDE OF 
I OF THE FIXTURE). 
ILEHCTH OF LOWER 43 DEGREE SECTION <IN *X" AND "Y" 
I DIRECTION) THAT IS OUTSIDE OF THE FIXTURE. 
(LENGTH OF UPPER 43 DEGREE SECTION <IN THE "X" AND "Y" 
I DIRECTION) THAT ARE OUTSIDE OF THE FIXTURE. 

•Mt>2".3*<Dl-Qt-Jt-Pt/2)-0t/2  (DISTAHCE FROM COUPLED SLOTS TO THE 
I TIP OF THE ISOLATION SLOT ON THE "X" 
I DIRECTION). 
I (IN THE "X" AN» "Y" DIRECTIONS). 

lnt-Pt/2 (LENGTH OF THE VEE AT THE END OF THE ISOLATION SLOT. 
1 Bru KEEPS THE SLAHT PORTION OF THE ISOLATION SLOT 
I AND THE HORIZONTAL PART OF THE ISOLATION SLOT 
I EQUAOISTANCE FROM THE 100 OHM SLOTS (INSIDE OF THE 
I FIXTURE). 

I 
I THE FOLLOWING ARE COMBINATIONAL HORN VARIABLES. 
IF Dr»w«n9«-*H0RN" THEN 2368 I USED TO MATCH HORN TO FIXTURE. 
Ah>Qt      IWIDTH OF HORNS MATCHES FIXTURE FOR MAGIC-TEE. 
GOTO 2370 
Ah-Dl-Jt/2  IWIDTH OF HORN STRIP FOR SINGLE HORN. 
8h«NML*»bd»d  I LENGTH OF HORN FLARE FROM Xoh. 
Ch-Ah*S!N(An«1th)  ILATERIAL OFFSET DISTANCE AT END OF HORN. 
Dh-AMCOS(Anglth)  (VERTICAL OFFSET DISTANCE AT END OF HORN. 
Eh-BMSIN(Anglth)  IHALF OF HORN APERTURE. 
Fh-BMCOS(Angl«h)  IH0RI20NTAL LEHGTH OF HORN FROM Xeh. 
I 
I 
I THE FOLLOWING LINE PLACES A CONDITION ON THE LENGTH OF CM,   THIS 10 
I DONE TO ALLOW 0UFFICENT ROOM BETWEEN THE MICROSTRIP CRO00INC POINT, 
I AND THE 43 DEGREE BEND IN THE SLOT TO THE LEFT OF THE MICROSTRIP. 
IF CU<$t*Jt*BU*3tH» THEN Gl t»St*J»»BH*3«M« 
I 
I 
I STEP FOUR: DEFINE "X" AND "Y" PLANES IN TERNS OF VARIABLES LISTED ABOVE. 
I 
I 
I 
I 
I 
I 

ALL OF THE P0IHT8 THAT WILL BE USED TO DEFINE THE DRAWING 
SHOULD BE ON THE INTERSECTION OF TWO OF THESE PLANES. OTHER 
POINTS CAN BE DRAWN TOO, BUT ONLY IF THEY ARE DEFINED WITHIN 
THE 'DRAW- COMHAND (THIS SHOULD BE AVOIDED, AS IT WILL DESTROY 
THE "CAD* ASPECT OF THIS PROGRAM). 

Kot*0 
X*t»Xot-Et-Ct 
Xbi"Xol-Et 
Xe%-Xbt*L* 

ISET.S LOCATION OF DRAWING WITH RESPECT TO THE ORIGIN. 
ILEFT EDGE OF DIFFERENCE PORT. 
(LEFT EDGE OF THE DIELECTRIC WITHIN THE FIXTURE. 
ITIP OF THE DIFFERENCE NOTCH. 

Xdt«Xol-Kw2-Ni-lht ICENTER OF THE LOOP HALF CIRCLE. 
Xtt«Xdt-Ni/2«B*l    I EDGE OF DIFFERENCE NICROSTRIP. 
Xft»Xdt«Bhl-lc%    ILOHER LEFT LOOP CORNER. 
X«fXdi*Bhi        I UPPER LEFT LOOP CORNER. 
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263« 
2660 
2670 
2*eo 
2690 
2788 
2718 
2720 
2730 
2746 
2750 
2760 
2770 
2780 
2798 
2800 
2818 
2828 
2838 
2848 
2838 
2868 
2878 
2888 
2898 
2988 
2918 
2928 
2930 
2940 
2938 
2968 
2978 
2986 
2998 
3868 
3018 
3028 
383« 
394« 
3030 
3060 
3970 
3000 
3090 
310* 
3110 
3120 
3130 
3140 
313« 
316« 
3170 
3100 
3190 
32«« 
3210 
3220 
3230 
3240 
3230 
3260 
327« 
3200 
329« 
33«« 

Xht«Xot-Ai/2 
XH"Xot-Bt'2 
XJt-Xol-Kt/2-Bdt 
Xkt-Xot-Kt/2 
XltaXoi*Ki/2 
XMt-Xol+Bt/2 
Xnt"Xot+Al/2 
Xpt-Xot-tCx/2+Bfi 
Xqt-Xpt+Btt 
Xrt-Xpt*BU 
Xst"Xri+Bgt 
Xtt-Xqt+BM 
Xul"Xtt*Bnt 
Xvt"Xot*Ft 
Xut-Xyt+Rt 
Xxt>Xwt+Bgt 
Xy»"Xv**n 
Xzt-Xvt*St 
X**t-Xs\*Jt 
X*bt>X*4t+BH-Bgt 
Xui*Xttl«BI( 
X4dt«XwttGH 

I LEFT EDGE OF THE TAB OF DIELECTRIC OH THE SUN PORT. 
ILEFT EDGE OF SUN HICROSTRIP TRANSITION. 
! LOWER RICHT LOOP CORNER. 
ILEFT EDGE OF SUN MICROSTRIP. 
(RIGHT EDGE OF SUN MICROSTRIP. 
IRIGHT EDGE OF SUN MICROSTRIP TRANSITION. 
(RIGHT EDGE OF THE TAB OF DIELECTRIC OH THE SUM PORT. 
IUPPER RIGHT EDGE OF COUPLED SLOTS. 
ILOUER RIGHT EDGE OF COUPLED SLOTS. 
IUPPER LEFT EDGE OF "INPUT" SLOTS. 
I LOWER LEFT EDGE OF "INPUT" SLOTS. 
ILEFT TIP OF THE ISOLATIOH SLOT. 
ISTART OF ISOLATIOH SLOT TIP. 
IRIGHT EDGE OF THE FIXTURE. 
IUPPER RIGHT EDGE OF- "INPUT" SLOT. 
ILOUER RIGHT EDGE OF "INPUT" SLOT, 
I TOP OF 45 DEGREE CUTOUT. 
ILEFT SIDE OF VERTICAL SLOT. 
IRIGHT SIDE OF VERTICAL SLOT. 
ILEFT EDGE OF UPPER SLOT CORNER. 
[RIGHT EDGE OF UPPER SLOT CORHER. 
ILEFT EDGE OF IHPUT NOTCH. 

Xa*t-X*dt+At/2-3t/2 ILEFT EDGE OF IHPUT TRANSITION. 
X*ft"X4d»+At/2-Kt/2 ILEFT EDGE OF INPUT MICROSTRIP. 

I CENTER OF IHPUT NOTCH. 
IRIGHT EDCE OF IHPUT MICROSTRIP. 
IRIGHT EDCE OF IHPUT TRAHSITIOH. 
IRIGHT EDGE OF IHPUT NOTCH. 
IRIGHT EHD OF SLOTS. 
IRIGHT Eu;E OF DIELECTRIC. 

X4«t-Xtdt+A«/2 
X4ht»X*9V*K*/2 
X4H>X4«l4Bt/2 
X4jt"X4dt*At 
X4kt-X4ht*Bbt 
X4lV»X4jt*G«*l 
I 
I 
Xoh"Xv%*Ch-J»/<2tTAH<Arsg»«h>>   I APEX OF HORN OPENING ANGLE 

I  REFERENCED TO EDGE OF FIXTURE. 
X4h"Xoh*Fh I OUTER  EDGE  O'r  HORN OPENING. 
Xbh-X4h-Ch IUPPER OUTER EDGE OF HORN. 
Xch-Xoh+Jt'<2*TAN<AngWh>>        IHORH MOUTH. 
Xdh-Xch-Ch IHORN/FIXTURI JOINT. 
Xth-Xkt-Bbt I END OF HORN SLOT. 
I    . 
I 
Xu»MXwt-TAN<22.3>»L4»bd4d/2   IUSED TO MOVE X34t LEFT TO X34»h. 
Xx»h*Xxt*L4»bd4d»<SQR<.3>-.l23>   INOVES    X23t  RIGHT TO X25»h. 
Xzah-Xzt-L4Mbd4d/2 IUSED TO HOVE X32l'X33t  LEFT TO X32»h/X33«h. 
Xt4«h-X44l+L4Mbd4d/2 IUSED TO MOVE X26i/X2?l RIGHT TO X26*h/X27«h. 
X«bnh>X4bl-TAN<22.5>«<L4«bd4d'2>   IUSED TO HOVE X3H  LEFT TO X3Uh. 
X4e»h-X4Ct«TAN<22.3>t(L4Mbd4d/2>   IUSED TO MOVE X28t RIGHT TO X2««h. 
I 
I 
Vet«« 
Y4i«Y«t*Vi*Jt*Wt 
Ybt«V^-<Ct*Lt> 
Y«l»Y»t-T* 
Ydl-Yot*V»*Jt 
Y«t«Yot*Vt 
Yfl-Ytt*8lV«Bft 
Ygt-Ytt-BH 
Yht-Yot*Di*Ci 
YH-Ytl-841 
YJ»»Yot*Dl 

I TOP OF THE DIELECTRIC. 
I TIP OF IHPUT NOTCH. 
I BOTTOM OF 43 DECREE CUTOUT. 
IUPPER EDGE UP THE HORN «LOT. 
ILOUER EDCE OF THE HORN «LOT. 
(UPPER EDCE OF THE UPPER «LOT CORNER. 
ILOUER EDGE OF THE UPPER SLOT CORNER. 
I TOP EDCE OF SUM PORT DIELECTRIC. 
I END OF PORT ONE HICROSTRIP. 
I TOP OF DIELECTRIC IN THE FIXTURE. 

Yk%«Yet*Bjl*Bkt*Bgt IUPPER EDGE OF LOUER SLOT CORHER. 
YH«Ykl«B«l        ILOUER EDGE OF LOUER SLOT CORNER. 
Y»t»YJ»«U I TIP OF SUM NOTCH. 
Ynt»Yot«At'2       I TOP EDCE OF THE DIFFERENCE PORT DIELECTRIC TAB. 
Y|»-Y«»»Ht/2*M*    I TOP EDCE OF THE «LOT IN THtf LOOP. 
Yqt"Yj*-0» I TOP EDCE OT THE IHPUT SLOT. 

'i 
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33t* 
3320 
333B 
3340 
3350 
3360 
3370 
3300 
3390 
3400 
3410 
3480 
3430 
3440 
34S0 
34(0 
3470 
3400 
3490 
3300 
3310 
3320 
3930 
3340 
3930 
39(0 
3370 
3390 
3390 
3C00 
3(19 
3(20 
3(39 
3(40 
3(90 
3((0 
3(70 
3(09 
3(99 
3799 
3719 
3729 
3739 
3749 
3739 
37(9 
3779 
»799 
3799 
3999 
3919 
3929 
3939 
3049 
3030 
39(0 
3979 
3999 
3999 
39*0 
3919 
392* 
393* 
394* 
393* 
3*(* 

Yrt»YJt-Qt-Jt 

Ytt"Yot*Pt/2 
Yut"Yo**Ot/2*tt 
Yv»»Yot*Bt/2 
Ywt«Yot*0t/2 
Yxt«Yei*K»/2 
Yy%«Yot-Kt/2 
Yxi-Yot-Bt'2 

ILOMER EDGE OF THE INPUT SLOT. 
(LOWER EDGE OF THE LOOP SLOT. 
I TOP EDGE OF THE ISOLATIOH SLOT. 
I UPPER EDGE OF THE COUPLED SLOT. 
I UPPER EDGE OF THE DIFFERENCE PORT CENTER CONDUCTOR. 
I LOWER EDGE OF THE COUPLED SLOT. 
I UPPER EDGE OF THE DIFFERENCE HICSOSTRIP. 
ILOUER EDGE OF THE DIFFERENCE MICROSTRIP, 
ILOMER EDGE OF DIFFERENCE PORT CENTER CONDUCTOR. 

YaM-Yot-Ol/2-It-BftllEND OF SUM PORT MICROSTRIP. 
Y*b»"-YH IEND OF PORT 2 MICROSTRIP. 
Y*et"-YbV I TIP OF LOWER INPUT NOTCH (USED TO DRAM MICROSTRIP). 
Y*dt--Y*t I BOTTOM OF LOWER INPUT PORT. 
Y4tl>Y*dl-Sp*Ct    I TOP OF THE RULER. 
Y«ffY»tt-2»Sixt«tnth  ILOUER TIP OF A RULER MARK. 

ILOUER TIP OF A RULER MARK. 
ILOUER TIP OF A RULER MARK. 
ILOMER TIP OF A RULER MARK. 
ILOUER TIP OF A RULER MARK. 

Y*gt"Y*rt-Slxtt«mh 
Y4htaY*gt-Slxt*tmh 
Y*H«Y*m~Stxtt«nth 
Y*Jt*Y*a-S1xtttnth 
Y4kt"Y»«t-.37«In 
Y*H-Y*tt-.72tIn 
I 
I 
Yoh'Yot 
Y»h"Y«t*Jl/2 
Ybh«Yot*Eh 
IF Dr*w<ng*«*MONO* 
Yeh"YJ* 
GOTO 3(10 
Ych>Yot+Qt»Jt'2 
YdMYbh*Dh 
I 
I 
Ydah"Ydt*Laabd4d'2 
Yt*h"Ytt-Laabd4d/2 

IFIRST LINE OF MORDS UNDER THE RULER. 
ISECOHD LINE OF MORDS UNDER THE RULER. 

I CENTER OF HORN. 
I TOP OF HORH SLOT. 
IEND OF HORH OPENING. 

THEN 3600 
(PLACE HHERE HORN JOIN* THE FIXTURE. 

I THIS KEEPS THE COPPER Laabdad'2 ABOVE THE SLOT. 
I TOP OF HORN. 

I USED TO HOVE X3H UP TO Xllah. 
I USED TO MOVE X29i DOWN TO X29ah. 

Yfah«Yft*TAN<22.3>»<L4abd4d'2> IUSED TO MOVE X32t UP TO X32»h. 
Yg»H>Ygt-TAN<22.3>«<L4abd4d'2> IUSED TO MOVE X27t DOUH TO X2(ah: 
Ykah-Ykt«TAN<22.ü)«<LtMbd«d/2> IUSED TO MOVE X33T UP TO X33ah. 
Ylah«YH-TAN<22.3><KLi-Jd»d'2> IUSED TO MOVE X2(t DOWN TO X2(ah. 

IUSED TO MOVE X341 UP TO X34ah. 
IUSED TO HOVE X23t DOWN TO X23ah. 

STEP FIVE! CALCULATION OF CORRECTIOHS THAT MILL BE USES TO REKOVE 
ERR0R3 FROM THE DRAWING THAT ARE CAUSED BY THE PLOTTER. 

Yqah-Yqi*L4abd*<:>2 
Yrarv»Yrt -L4abd4d'2 
I 

THERE 19 A 9L1CHT BIT OF L09EHE99 IN THE PEN CABLE ON TNI HP 9972C 
PLOTTER. THE AMOUNT OF ERROR THAT THI9 INDUCES IS MITHIN THE PL0TTRR9 
SPECIFICATION* AND DOES NOT CAU9E ANY PROBLEM IH M09T PLOTTER 
APPLICATIONS. HOWEVER, DUE TO THE EXTREMELY 9MALL DIMENSIONS IN THE 

I   AREA HEAR THE COUPLED SLOTS, THESE ERRORS MUST BE ACCOUNTED FOR IN 
I   TNI* PROGRAM. THESE CORRECTIONS CANE FROM EMPIRICAL TESTING AND 
I   HILL NAVE TO BE ADJUSTED TO MATCH THE PARTICULAR PLOTTER THAT I* 
I   BEIHC USED. THE In/Ma SCALING IS INTENTIONALLY OMITTED TO KEEP TNI 
I   TNI CORRECTIONS TO THE SCALE OF THE ACTUAL DRAHIHS AND PEN. 
Ploucrcorrtct t".*7 
P1«litrcorrtci2*9 
P1otitrcorrtcl3a* 
P1ott*rcQf>rtct4»8 
Ptn>.S2 ITHI3 IS THE PEN THICKNESS, AN* IT IS CORRECT!* 

I FOR AUTOMATICALLY IN THE DRAWING. 
I 
I 
I *TEP SIXI ENTER TWO MAJOR LOOPS THAT HAKE TNI DESIRES BRAMIH6I 
I 
I   THE FIRST LOOP <THE •fill' LOOP) IS USED TO FILL IN TNI BLACK 
I   PORTION* OF TNI BRAKING. THIS I« BOHI IV MOVING IACN POINT OF TNI 
I   FI6URI IN (9X OF THE PEN THICKNESS, AN* THIN »RAWING IT OVIR AGAIN. 
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3976 
3988 
3998 
4888 
4818 
4828 
4838 
4848 
4838 
4868 
4878 
4888 
4898 
4180 
4116 
4128 
4138 
4148 
4158 
41C0 
4170 
4100 
4190 
4200 
4210 
4220 
4230 
4240 
4230 
4260 
4270 
4200 
4290 
4368 
4310 
4320 
4330 
4340 
4330 
4366 
4376 
4366 
4396 
4466 
4416 
4426 
4436 
4446 
4436 
4446 
4476 
4486 
4496 
4366 
4516 
4326 
4336 
4346 
4336 
43C6 
4376 
4361 
4390 
4(66 
4616 
4626 

THE SECOND LOOP (THE '!•" LOOP) IS USES TO DRAM THE FIN-LINE PATTERN. 
THE BOTTOM HALF IS ESSENTIALLY A MIRROR IMAGE OF THE TOP. THEREFORE, 
ONLY THE TOP HALF IS DEFINED. THE IOTTOM HALF IS DRAHH JY MULTIPLYING 
THE "Y" COORDINATES BY MINUS ONE. ANY NON-SYMETRIC AREAS <SUCH AS 
THE SUM PORT) ARE TAKEN CARE OF WITH "IF" STATEMEHTS, THAT CHECK TO 
SEE IF THE TOP OR BOTTOM HALF IS BEING DRAWN. 

FOR FIM*t TO 1 STEP 2 
FOR Iftftgt-8 TO 2 STEP 2 
Ia»l-I«*gf 

ISTART OF THE 7111' LOOP. 
ISTART OF THE "!«• LOOP. 
IIft-1 DRAMS THE TOP, AND t«"-l DRAMS THE 
I BOTTOM OF THE SLOTLINE SIDE. 

IF FIIIO THEN S«gM»nt«1s«a$«g*enttiz**3 
IF Film THEN GOTO 4188 1SKIP.S TO THE "Fill" ROUTINE. 
IF !a>l THEN Ptnn>Ptn«FtU (PLOTTER CORRECTION FOR THE 

I TOP HALF OF SLOTLINE SIDE. 
IF !■■-! THEN P«nn-Ptr»tFU 1+PloUereorrtcx 1 IPLOTTER CORRECTIOH FOR THE 

I BOTTOM HALF OF THE SLOTLINE 
I SIDE. 

ISKIPS "Fill" ROUTINE ON FIRST PASS. 
I"Fill" ROUTINE. MOVES PEN IN 60k OF 
I IT'S MIDTH AND THEN DRAMS THE 
I FIGURE AGAIN. 

GOTO 4236 
IF In-1 THEN Ptnn"Ptn*F<n».60 

I 
I STEP SEVEN! CALCULATION OF CORRECTIONS THAT HILL BE USED TO REMOVE 

ERRORS FROM THE DRAMIHG THAT ARE CAUSED BY THE PEN. 

THE FOLLOHING CALCULATIONS ARE USED TO ELIMINATE ANY INACCURACY IN 
THE DRAMIHG DUE TO THE MIDTH OF THE PEH THAT IS BEING USED. 
THESE ADJUSTMENTS HILL AUTOMATICALLY MOVE THE PEN THE APPROPRIATE 
AMOUNT AND DIRECTION TO ACCOUNT FOR HALF OF THE THICKNESS OF THE PEN. 

I 
I 
I 
I 

I 
I 
Ang1ft*<l88-ATN<<Bt-Kt>/<2«Lt>>>/2 

Ptn»rr*ttl*Ptnn/<2tTAH(Anglel>> 

I 
An«W2-ATH<Al'<2*Lt > > 

Ptnoff»tt2»Ptnn'<2»SINCAngU2>> 

I 
Ang1t3-Cl86-ATN«8t-KO'<2»<Ll*Cn>>>'2IHALP OP THE ANCLE FORMES BY 

I P0INT6 116,119 AND 126. 

I HALF OF THE ANGLE FORMED BY 
I POINTS 162,183 AND 184. 
ICORRECTS POINTS 162, 103, 106 AND 
I 107 IN THE "X" DIRECTION AND 
I POINTS 111, 112, US AND 116 IN 
I "Y" DIRECTION. 

I HALF OF THE ANCLE FORMED BY 
I POINT0 2,1 AND THE IMAGE OF I. 
ICORRECTS POINT 1 IN THE "X" 
I DIRECTION AND POINT 3 IN THI 
I "Y" DIRECTION. 

•tnoff»tl3"Ptnn/(2«TAN<Angl<3>> 

I 
Ang!#3»»<96-<100-2tA«glt3>>/2 

Ptnoff»tt3%aPtnn'<2»TAH<ftnglt3*>> 

I 
An«1t4«ATH<At/<2tat*CD>> 

Ptn»ff»t»4«Ptnn'(2«SlN<Angl*4> > 

I 
Anglt3"<106-ATN<2»Lt/A»> >/2 

•tn«rrtti3»P«nn/C2«TAN<Ar»gle3>> 

SO 

ICORRECTS POINTS 119,122,123 AND 
I 128 IN THI "Y" DIRECTION. 

I HALF OF THE ANCLE FORMED BY 
I POINTS 117,116 AND 119. 
ICORRECTS POINTS 117,116, 123 AND 
I 124 IN THE "X* DIRECTION. 

I HALF OF THE ANCLE FORNIS BY 
I POINTS It, 12 ANS 13. 
ICORRECTS POINT 12 IN THE 'Y" 
I DIRECTION. 

I HALF OF THE ANCLE FORMS IY 
I POINTS 1,2 AND 3. 
ICORRECTS POINT 2 IN THE "Y" 
I DIRECTION ANS POINTS 4 ANS 9 
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4S3S 
4848 
4838 
4«« 
4(7» 
4888 
4898 
476« 
471» 
4723 
473« 
474« 
479» 
4783 
477« 
478* 
47»» 
4888 
4tte 
4M« 
4838 
4848 
4898 
4388 
4878 
488« 
4898 
4988 
4.91« 
492« 
493« 
494« 
499« 
4988 
497« 
4988 
4999 
8988 
981« 
9928 
8838 
9848 
989« 
998« 
9«7« 
9883 
989« 
8188 
8118 
812« 
813« 
«14« 
919« 
918« 
«17« 
91«« 
919« 
92«« 
9218 
922« 
929« 
924« 
929« 
928« 
927« 
8388 

I IN THE *X" DIRECTION. 

I HALF OP THE ANCLE FORMED BY POINTS 
I 19,11 AND 12. 
ICORRECTS POINTS 11 BND 13 IN THE 
I «X" DIRECTION. 

(CORRECTS POINTS 23, 24, 29, 28 
I 31, 34, 39 AND 38 IN THE "X" 
I DIRECTION, AND POINTS 26, 27, 32 
I AND 33 IN THE 'Y' DIRECTION. 
(CORRECTS POINT 18 IN THE "X" 
I DIRECTION. 

I 
Anglt«><188-ATN<2»<Lt*CO'At>>/2 

Ptnoffstt6-PtniV<2iTAN<An«lt6>> 

I 
Ptnoff»tt7"Ptn/<2«TAH<87.5)> 

Ptnoffi«t7*«Ptnn/<2tCOS<45>) 

I 
Anglt8-<188-ATN<<Mt/2*Ht-0t/2-It>/Ht>>/2 IHALF OP THE ANCLE FORKED 1Y 

I POINTS 37, 5« AND 39. 
P«nofft»t8"P»nn/<2»TAH<Ang1tS>>       (CORRECTS POINTS si? nND 38 IN 

I THE "X* DIRECTION. 
I 
AngW9*<19e-ATH<<Mt/2-0t'2>'<Ht+l*t-ldO)>'2 IHALF OF THE AHCLE F0RN8D 

I IY POINTS 21, 22 AND 23. 
Ptn©ff»tl9«Ptmv<2«TAH<AngU9>>       I CORRECTS POINTS 21 AND 22 IN 

I THE "X* DIRECTION. 
I 
AngWhl"49-Ang1th IUSED TO DETERMINE OFFSETS AT END OF HORN. 
Angl«h2><180-Angl«h>'2 IUSED TO DETERMINE OFFSETS AT MOUTH OF HORN. 
I 
Ptnefr«t«hl*80R(2>«Ptnn/2«SIN<AngUhl> ICORRECTS 2h IN "X- DIRECTION AND 

I 3h IN *Y* DIRECTION. 
Ptn»fftfth2»80A<2>tPtnfW2»C0S<Anglthl> (CORRECTS 3h IN "X" DIRECTION AND 

I 2h IN THE *Y* DIRECTION. 
P«n«ff»tth3»Ptnn-'2/TAN<Ang)th2>      ICORRECTS th AND 4h IN THE *X" 

I DIRECTION. 
I 
I 
I STEP SICHT» DEFINE ALL NUMBERED POINTS ON THE DRAMINC IN TERMS OF THE 
I "X* AND *Y* REFERENCE PLANES LISTED ABOVE. 
I 
I   THE PEN OFFSET CALCULATIONS ARE EHTERED HERE. THIS KEEPS THE 
I   REFERENCE PLANES FREE OF PEN CORRECTIONS. 
I 
I THE FOLLOWING POINTS DEFINE THE PIN-LINE SIDE. 
I 
XU»Xet*Ptn«rf»f»2 
X2t>Xbt«P«nn/2 
X2tl>Xbi-Ptnn'2 
X3l*Xbi+Ptnn'2 
X4t«Xht-Ptnoff»ttS 
X44*«Xhl-Ptnn/2 
X9\»Xot 
XSv>Xnt«Ptnom«t9 
KS«iaKAt*PtnA<'2 
X7l*Xvt«Ptnn'2 
X8%>Xv«tPtfwi/2 
X9t«Xvt*Ptnn/2 
XI«t>Xyl*Ptn«m«l7 
XtU«X4dt-Ptr>off»t%8 
X12fX»gt 
K13»»X»J» »Ptnof fitU 
Xi4t-X«U-P*nn'2 
XI9l>X4lt-Ptnn/2 
Xt«l>N«H-Ptnn/2 
XI7l>Xul-Ptn«fr>tt7 
XISl>XM-P«norr«tt7« 
X19*>X4t  I THE PEN OFFSET FOR THE ARC IS DONE NNILt MAKING THE MfWINC. 
K2»t-Kdl 

I THIS IS FOR THE FIN-LINE SIDE OF POINT 2. 
I THIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 2. 

I THIS IS FOR THE FIN-LINE SIDE OF POINT 4. 
(THIS IS FOR THE DIELECTRIC TAB SIBE OF POINT 4. 

I THIS IS FOR THE P1N-LIHE SIDE OF POINT 8. 
(THIS IS FOR THE DIELECTRIC TAB SIDE OF POINT 8. 
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829« 
sat» 
saie 
9329 
9339 
9349 
9339 
93«9 
9379 
3399 
9399 
9499 
3419 
9439 
9439 
8449 
8439 
3499 
3479 
3489 
3499 
8399 
9819 
9929 
3939 
9349 
3339 
9388 
9379 
8999 
9999 
8(99 
9919 
-8929 
8839 
8849 
9899 
8889 
8879 
9889 
8899 
8799 
3719 
9729 
8799 
8749 
8789 
8789 
8779 
8799 
9799 
8999 
9919 
8929 
9939 
9949 
9999 
8989 
9979 

9999 
9999 
8919 
9929 
9939 
9949 

X2U-Xft-Ptnoff»ti» 
X22t-XJt-Ptnofftt*S 
X23l"Xqt*Ptn«ff*ti7 
X24t«X>t*P«noff»tt7 
X23t>Xxt*Ptnofr»tt? 
X2(t«Xa*t*P«nn/2 
X27t«X»*t*Ptnn/2 
X28t"X»ei+Ptnoff«et7 
X29t>X«kt*Ptnn'2 
X39t"Xakt*Ptnn/2 
X31t*X*bt-P«noffstt7 
X32t>Xzt-Ptnn'2 
X33i>Xzt-Ptnn/2 
X34*«Xwt-Ptnoffstt7 
X33l»Xrt-Ptnoffftt7 
X3Ct-Xpt~P«nofr»«t7 
X37t-Xkt+Ptnoff*tt8 
X39t-Xgi«Ptnoff*ti8 
X39t*Xdt 
X49(-Xat-Ptnn/2 
X41t>X*t-Ptnn'2 
X42l*XhfPtnn/2 
X43»"Xnt*Ptnn/2 
I 
I 
I. THE FOLLOWING POINTS DEFINE THE MICR08TRIP SIDE. 
I 
I 
X191i"X*««Pcnn/2 
X192t-Xbt-Ptnoffittl 
X193t>Xci-P«norfseM 
X194i»Xtt-P«nn/2 
X199t>Xtt~Ptnn'2 
X19«t-Xct-Ptnoff»«tl 
X197t«Xb»-P«noff»tU 
X199l>X*i«Ptnn/2 
*i99t«XU»Ptnn/2 
Xil9t>Xal-Ptnn'2 
XUU"X«t-P«nn/2 
Xtt2i>XU-Ptnn/2 
Xll3t«XH-Ptnn'2 
Xll4t«Xkt*Ptnn/2 
XU3\-Xki«Ptnn/2 
Xll8%>XU*Ptnn'2 
X117t>XM««Ptnorr»tt3* 
XI 18t*X*U-Ptn«f rsti3« 
Xtl9%>Xfth»-Ptnn'2 
K129t«Xftht-Ptnn'2 
XI2tl>X*rt*Ptnn/2 
X122l«X4f**Ptrwv2 
X123l*X*H-Pinefr»ti3ft 
X124%>X«tt«Ptnofr*tt3* 
Xt2S»»X*fi»P«rww2 
X128l>X»rt«Ptnn/2 
Xl27t>Xtttt-Ptrwt'2 
Xt28»»X4h»-Ptiw/2 
I 
I THf FOLLOWINC P0INT9 »IFINR TNI HORN. 
Xlh-X*h*Ptnoff»tih3. 
X2h»XW»-Ptnoffttthl 
X3h»X*h-Ptnoff»tih2 
X4K>Xch-Ptnorr»tih3 
X9h«X»h-P«iM»/2 
X8tt>X«h-P«nn/2 
I 
I TNI POLLOUIMC POINT9 AR8 U9I9 TO NfRCI TH8 HACIC-Tlf RN9 NORN INTO TNf 
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313« I HONOPULSE SYSTEM. 
39«« X23«h-Kx»h-P«noff»tt7 
3979 X2«i»h-X»*»h-Ptnr»''2 
Sttt X27«h-Xa*«h-Ptnn/2 
399« X2««h-X»«h-Ptnoff»et7 
«90S X3Uh-XAb«h*Ptnoff»«i7 
(ItS X32»h-Xi«h»Ptw»/2 
«829 X33»MXx»h*Ptnn/2 
SS3t X34«h-Xw«h*Ptnoff«e»7 
SI4S I 
SSSS I THE POLLOHING POINTS ARE USES TO DRAM THE RULER, BUU'S EYES HMD 
«Ml I COHHENTS. 
«•71 Xl3«t*X«t ILEPT SIDE OP THE RULER. 
«SIS XbuIlWft"XM*.23*In   (CENTER OP LEPT BULL'S EYE. 
«•»• XI>uUpi9h»-X*lt-.23tln  ICENTER OP RIGHT 1ULL'8 EYE. 
CIS* I 
«US I 
«I2S I THE POLLOHING LINES 9EPINE THE *Y* COORBIHATES 6P THE PIH-UHE «ISC. 
«13« I 
«14« YH-Yo* 
«IS« Y2%>Ynt«PtnofrttiS 
«U« Y2»t«Yn**Ptnn/2 
«17« Y3»*YJi-Ptnn/2 
«IS« Y4t«YJ*-P«nn/"2 
«If« Y4»»»YJt»Ptn«/2 
<2«S YS»«Y»t-P«r»off»t*2 
«21« Y«t"YJt-Ptn»»>2 
«22« YS»»"YJt*Perm/2 
«23« Y7t»YJ*-*«w»/2 
«24« YSt*Yet-Ptnn/2 
«23« Y»*»Y»*-Pti»n/2 
«2«« Yl«tJY*t-Ptnn/2 
«27« VIH"Y«-Ptr»n/2 
«21« Yi2t"Ybt-Ptnoff»tt4 
«89« Yt3»"Y*%-Ptnn/2 
«3«« Yi4l«Y*»-P«nn/2 . 
«31« YI9i>Ytl«Ptnn/2 
«32« Yt«l>V«t 
«33« Yl7%»Y***P«nn/2 
«34« Yl«l>Vot 
«39« Y19»»Y»» 
«3«« Y2S»"Y»%-Ptw»/2 
«37«. Y2U»Y*t-PtMi/2 
«3«« Y22t>VwfPtnn'2 
«39« Y23(>VwfPfnn/2 
«4«« Y24t«Yrt-Ptnn/2 
«41« Y29»»Yi*»-Pt«n/2 
«42« Y2«%«VI %-Ptnoft*•17 
«43« Y3n>Y««>Ptn«rfstt7 
«44« Y2«t*Ytt-Pann/2 
«48« Y29%"Yt»-P§nn/2 
«4«« Y3««>Y4i*Ptnn/2 
«47« YSU"Ydl»Ptnn/2 
«4«« Y32%«Yf»»Ptnoff»«i7 
«4«« V33%»Yk»*Ptr»fr»t*7 
«99« V34t>Y^««Ptnn/2 
«31« Y38t>Y«jt*Ptnn'2 
«92« Y3«i»Yut*Ptnn/2 
C83t Y37t>Yu»*Ptnn/2 
«84« Y3«»>Ypt«Ptnn/2 
«89« V39t>Yp%«PtMi/2 
«9«« Y4«i"Yot 
«97« Y4tt>Ynl*Ptnn'2 
«9M Y42t<>Yh««Ptnn/2 
«99« Y43l>Yhl*Ptrut'2 
««•• I 
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«10 1 
«2t 1  TMI POLLOMIHG POINTS DEFINE THE MICROSTRIP SIDE. 
«3t Ytllt»Yvt-Ptnn/2 
«4t Ytt2t>Yvt-Ptnn/2 
«St Ylt3t>Yxt-Ptnn'2 
«St Ylt4t«Yxt*Ptnn'2 
«7t Yl»S»»Yyt*Ptnn/2 
«tt. YltCt*Yyt*Ptnn/2 
«tt Ylt?*»Yit»Ptnn/2 
«7tt Ylttt-Yat+Ptnn'2 
«711 Ylt9»»Yh»-Ptnn/2 
172t YUti>Yht-Ptnn/2 
«73t YUH«YJ**Ptrt«ff4ttl 
«74t YU2\-Y***P«noff»ttl 
«73t YU3t»Y»»t»Ptnr>*»2 
C7«t Yll4t>Y**t*Ptnn/2 
«77t Y119t«Y*»«Pcnorr»tU 
«7tt YU«l"Yjt+Ptroff»»tJ 
«7tt YU7l»Y»*-Ptnn/2 
«tt Ytlit«Y»i-P«nn/2 
«tlt YU9t»Ybt»Pfnoff»«i3 
«t2t Vl2tt»VU*Ptnn/2 
«t3t Yl2|»«YK*Ptfm/2 
«14t Y122%»Yb»*Pinoff»tt3 
«•St Yl23*"Y*dt*Ptnn/2 
«t«t Y124t>Y*dttPtnn/2 
<«7t Y123t«Y4<t-Ptnoff»tt3 
«ttt Y12««-Y*b%tPtnn/2 
«ttt YI27t>Y*bt-Pmn/2 
«ttt Y12t»"Y*«*-Ptneffi#t3 
«tlt 1 
<«2t Vlh»Yeh-Ptniw2 
«f3t Y2h«Ytfh-Pt»off*t(h2 
«94t Y3h«YWi*Ptti»ff»ttht 
C99t Y4M«Y*h«Pt«i»'2 
«Mt YSMY*h;>Ptiw*'2 
«97t Y«h*Y«t 
«ttt J 
«99t 1  THE POLLOUIHC POINT« ME USE» TO NER6I THE MAGIC-TEE AMI THE HORN 
7ttt 1   INTO THE HOMOPtlLSE SYSTEM. 
7111 Y2S»H«YraMPtnn'2 
7t2t Y2«»MVI»h»Ptnsrr»tt7 
7t3t Y27*h«Yg»h*P«noff»tl7 
7t4t V21«h»Vt»H*Ptiww2 
rtst Y31»MY*»h-Pt»w»/2 
7t«t Y32kMYf*h-P*n»ff«ti7 
7171 V33Bh«Ykfth-Ptn«fr»tt7 
7ttt V34»MVqaH-Ptnn/2    ' 
7t9t 1 
7!tt 1  THE POU OWING POINTS «RE UtEB TO BRÜH TNI lUU'S EYES. 
7»lt Ybullt«r«VM«2»tpMt 
7l2t YbuUbo.ioa>-Ybul Host 
7131, 1 
7141 1 «TIP NINE! NUKE THE BSS1REI BRAUIN6. 
7111 1 
7l«t 1  THE CENTER OP THE »RAWING  IS No,Y*.  THIS  IS TNI POINT HNIRI TNI 
7171 1  CENTERS OP THE SUN ANS »1PPERENCI HICROSTRIP LINES NOULS CROSS IP 
7111 1  SXTEH9ES.  ALL OP THI MAUlNGt ARI REFERENCES PRON Xo,Y». 
7191 I 
rat« IP Bf>*Mtt«J*»TEE*  THEN 7«tl  (SKIP TO MAGIC-TEE SECTION. 
7211 IP 9f JMlA«t"*HOHO* THEN 1711  ISKIP TO TNI MONOPOLS! SVtTEN SECTION. 
7221 1 
7231 1  THIS SICTION.BRNHt THI PIH-L1HS ttSE OP A SINGLE PIN-LIHI NORN. 
7241 1 
7291 IP tMtM'N» THIN 7491    ISX1P TO HICROSTRIP SIM. 
72«! HOVI HI»,VI* 
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7278 BRAU X2%.Y2t»la ' 
7288 BRHU X3t,Y3t*Ia 
7291 IP ia>-S«mi» THEN 733« 
73tt BRAU X4t,Y4t«ta 
731« BRAU X3t,Y3t«U 
732t BRAU XCt,YCl*Ia 
733« cosus icase I BRAUS HORN. 
7348 I THI NEXT PCM LINES OUTLINE THE DIELECTRIC TABS TO NATCH THE FIXTURE. 
7380 HOVE X43»,Y4i* 
73<t BRAU X4U,Y4UtI« 
7373 BRRU X2*»,Y2««Ia 
73M IF !■•-UFHB THEH 7433 
7393 HOVI X4*l,Y4*t*Ia 
7413 BRRU X42l,Y42»«la 
7413 BRRU X43i,Y43tttM 
7423 BRRU XCtt.YCtttI* 
7433 HEXT ta*gt 
7443 COTO 7378I8K1P HICR08TRIP 3IBE. 
7433 I THIS SSCTIQH.BRAUS THE HICR08TRIP.SIBE OF THE THE FIN-LINE HORN. 
7413 HOVE XI89»,YI89» 
7473 BRAU XUSt.YUSt 
7433 BRAU Xlltl.YllU 
7493 BRAU XU2»,YU2* 
7333 YROUoaha»«Yoi-Jt/2-Owa»cr>0i%Mp*Ptiw»/2 IONLY POINT UNIQUE TO HORN. 
7313 BRAU XU3t,Y»«ttaaha» 
7323 BRAU XU4l,YboUoaha» 
7333 BRAU XttSl.YUS» 
7943 BRAU XU6l,Ylt«t 
7893 BRAU X189t,Yl89t 
7838 I 
7378 NEXT PHI 
7889 COTO 9388 I SKIP TO THE RULER SECTION. 
7898 I 
7(88 I THIS 8SCTI0H 8RRU8 THE HACIC-TEE. 
7818 I 
7829 IF S(4tM*H* THEH 8238   I THIS SKIPS TO HtCRO-RTAIP SIBE. 
7339 I 
7849 I THI» SECTIOH BRAUS THE PIH-LIHE SIBE OP THE FIN-LINE TEE. 
7899 HOVE XU.Yltt!» 
7889 BRAU X2t,Y2l«Ia 
7879 BRAN X3t,Y3t*Ia 
7889 IP •«■•ttFIip THEN COTO 7728 
7899 BRAU X4t.Y4ltta 
7789 BRAU X9t,V3t#ta 
7719 BRAU X8t,Y8ttIa 
7729 BRAU X7l,Y7»tIa 
7739 BRAU X8t,Y9Mla 
7749 BRAU Xt8t,Yl3i*ta 
7799 BRAU X!U,YtU«!a 
7789 BRAU MI2ilVt3t«ta 
7779 BRAU Xt3».Y13t»Ia 
7799 BRAU X14l,Y14Mta 
7799 BRAU Xtfl.VtSMla 
7999 HOVI Xm-tH'2*PtNf2,V19t 
7919 FOR An«lt«99 TO 189 9TIP 2 
7929 X-X19t-<Ht/2-Ptnn/2>«81N<Ana.lt> 
7839 Y«<Yt9f<Ht'2-PtMi'2>tC0S<AA«tt>>*ta 
7949 HAU X,Y 
7989 MIXT Af*tt 
7989 MAM X2lt,Y»lt#ta 
797» IP YMOYot THEN COTO 799» IK8CP9 PCM BCTHCCN COUPLE» »LOT». 
79»» Y22t»Ya% 
799« Y23t*Y«t 
799» »RAU X22t,V22ltla 
7919 »«Ml X23%,V23t*la 
799» MIAU KS4t,V24t«l* 
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7939 BRRU X29t,Y23»»ta ' ' 
7949 BRRU X29»,Y28t«la 
798« »RAH X29t,Y29i»l« 
799« »RAH X38t,Y30t»i« 
79?t »RAH X3lt,Y3l»«U 
79M »RRH X34»,Y34t»ia 
799« BRAN X33l,Y3Sttl« 
MM DRAM X3Ct,Y3Ctt!» 
Ml« MRU X37l,Y37»tta 
M2t MRU X3«»,Y38«#la 
M3t MRU X39«,Y39»*ta 
M40 FOR Anal•-• TO 91  «TEF  1 
MM X«Xt9t-<H*/2»H**»tnn/2>«81N<Anolt> 
MM Y»<Y19t*<H»'2*Ht*Atrm/2>«C08<Ano! #>>•!■ 
8879 MRU X,Y 
•••• NKXT Ana»» 
M9t HOVI X48l,Y4tt 
• IM MRU X4tt,Y41tt!a 
•IU MRU X2tt,Y2ft»tla 
1129 IF IM-UMI» THEN GOTO 1170 
•139 MOVE X4*»,Y4*»«ta 
9149 MRU X42»,Y42»tla 
9199 MRU X43t,Y43ltta 
91M MRU XC*»,Y<*»»la 
9179 HOVI XI,Yl 
9199 NEXT Ia*at 
9199 C0T0 99C9        IFIH-UHE 91M 19 CONFUTE.  THI9 COHHAH» 9KIM THE 
9299 I  HICR09TRIR SIDE,   RHD C0HTIHUE9 OH U1TH THE MOCRRH. 
9219 I 
9229 I  THE F0U.0NIH6 8ECT10H MAH9 THE HICR09TRIP 9I9E OF THE HR61C-TEE. 
•239 HOVE XI9l»,YI8lt 
•240 9RRH X182I.YI82» 
•299 MRU XIMl.YlM» 
92M SRRU XIB4t,V184i 
9279 MRU XI89»,YI991 
9299 BRRU X19«»,Y19t« 
•299 »RAH X187»,VI87» 
9399 9RRU XIMt.YIMl 
•319 BRRU XIBIt,VI81» 
9329 HOVE XtMt,YIM»*Fl ta 
•339 BRRU X119tlVtl9ttP1lp 
9949 BRRU Xltl»,Vtll«tFH» 
9399 BRRU XII2»,YII2ltFHp 
9399 BRRU Xtl3»,Ytt-Ht>FHp 
9379 BRRU Xtl4t,Yll4»tFHp 
9399 BRRU Xtl9»,VU9»*FHp 
9399 BRRU XIl«t,Ytll»*FIfp 
9499 MRU X199»,VI99»*FHp 
9419 HOVI Xlt7t,VU7» 
9429 MRU XI1911Yl 19» 
9499 MRU XI19»,VI191 
9449 »RAH XI28t,YI2Bt 
94M BRAU X121I.YI21» 
9499 BRRU XI22»,V122» 
9479 BRRU XI17«,Yl17» 
9499 HOVI Xtt3»,VI23» 
94M MRU XI24»,VI24» 
MM MRU XI29I.VI29» 
9919 BRRU XI39»,YI3<» 
9tM MRU X127«,VI27» 
9939 MRU X129(,YI29» 
9949 MRU X123»,VI23» 
9999 I  THI9 9ICTI0N 19 COftHON TO MTN THE FIM-UHt RNt TNI NICRMTtt» 9IM9. 
9999 I  THI NEXT FEU UHE9 H.ACI THE NUMBER Of TNI BASIC TEI HEM THE BtVtCS. 
9979 C9I2S .•<•!«,.5 
99M HOVE Xw«*RtMi,Vc»*.99*T»«ftMi 
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MM 
MM 
•«!• 
M2« 
•«31 
•<4« 
MS« 
MM 
M7« 
•Ml 
••9« 
•7«« 
•71« 
•7a« 
•7M 
•74« 
•78« 
•7M 
•77« 
•7M 
•7M 
•••• 
Ml« 
••2« 
•Mi 
••4« 
••M 
••<• 
••7« 
•••• 
MM 
MM 
mi 
••M 
MM 
•94« 
MM 
MM 
•»7« 
•M« 
•••• 

.V 

M2« 
Ml« 
M4« 
MS« 
Mf« 
M7« 
•M« 
MM 
«IM 
•II« 
•IM 
«IM 
914« 
«IM 
«IM 
•17« 
«IM 
•IM 
«IM 
•II« 
•IM 
»2M 
•24« 

LABEL TU IT« (BRAUS THE NAHE OP THE TEE ON THE BIVICI.   ' 

NEXT PHI 
GOTO 93T« IHA61C-TEE IS BONE, SKIP TO TNE RULER SECTION. 

I TNIS SECTION BRAUS THE PIN-CINE SI8E OP TNE HOHOPULSE SYSTEM. 
I 
IP Sldt«**N* THEN 9170 
MOVE Xli.Ylttla 
BRAU X2«,Y2ttla 
BRAU X3t,Y3l#Ia 
IP U—ltPItp THEN 073« 
BRAU X4t,Y4ttIa 
BRAU X3t,Y9t*Ia 
BRAU X<t,Y«ltla 
BRAU X7t,Y7tt|a 
BRAU X34ah,Y34ah*t* 

ISKIP TO NICROSTRIP SIBE. 

IPItp CONTROtS TNE LOCATION OP PORT-3. 

IS TNE UPPER LEPT EBCE OP THE PIXTURE. 
IS THE PIRST POINT IN THE HONOPULSE SYSTEM 

I THIS 
I THI« 
I  PORTION. 

BRAU X31ah,Y31«MIa ' 
!■■*!* IUSEB TO BAAU NORN CORRECTLY. 
COSUI IMS« I BRAU HALP OP THE HORN. 
BRAU X3lt,Y3it»ta 
BRAU X34t,Y34t«ta 
BRAU X33t,Y39ttta 
BRAU X3«»,Y3«t«!a 
BRAU X37l,Y37ttla 
BRAU X3tt,Y3«l*ta 
BRAU X39t,Y39l«!a 
POR AnflltM TO 91 STEP I       I NEXT PIVE LINES BRAU THE LEPT QUARTER ARC. 
X*X19t-<Nt'2«Hl«P«iui'2>*SIH<An«tf> 
Ya<VI9t«<Ht/2«Ht«Ptnn'2>*COS<An«l•>>•!■ 
BRAU X,Y 
NEXT Art« I» 
MOVE X23ah,Y»» I HOVE BACK TO CENTER OP THt HOMOPULSI SYSTEM PORTION. 
BRAU X2SaH,Y2Mh»ta 
lM>-l«la     IPLIPS  la  IN TNE NORN SUBROUTINE TO BRAU BOTTOM HALP OP HORN. 
COSUB IMS» I BRAU BOTTOM HALP OP THE NORN 
BRAU X20t,Y2«l*Ia ITNIS IS TNE HA6IC-TEE PMTION AGAIN. 
BRAU X23t,Y23t*Ia 
BRAU X24l,Y24l*tii 
BRAU X2)»,V23t*ta 
BRAU X22t,Y22t«Ia 
BRAU X2tl,Y2lt*la 
MAU M2«A|Y2«tt!» 
POR Mfllt«« TO 91 «TIP I 
X>Xt«%-<H«/2'Ptnn/2>tSIN<Anslt) 
Y»<Yl9t«<H%/2-Pt#*n/2>«COS<An«Umi» 
MAU X,Y 
NEXT An«It 
MOVE X4«t,V4«t 
MAU X4H,V4lttU 
IRAN X2«t,Y2*t«U 
IP U«-|tPlia THEN «IM 
MOVE X4*t,V4»l*la 
MAU X4J"s»Y42»*la 
BRAU X43t.Y43t*U 
»RAU X«*»,YC«tt!« 
NEXT !•*«• 
COTO 93MIMIP TNI NtCAMTRIP SIM. 
t THIS SECTION BRAU« TNI HICROSTRI? SIM Of THt NOMOPUUg SYSTEM. 
HOVE Xt«tt,YI«tt 
MAU NIMt»YIMt 
MAM NIMt.YIMt 
MAU KI«4l,YIM% 
MAU XI«9t*VI«3l 
MAU XIM»«YIM« 
MAU XI«?t,Yt»7t 
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9239 DRAM X108t,Y198t 
9269 DRAM xieu,yien 
927« HOVE X199t,Yi09t 
9280 »RAH Xliet.YUOt 
9298 DRAM XIIU.YllH 
9388 DRAM XU2t,Yll2l 
9318 DRAM XU3t,YU3l 
9328 DRAM XU4t,Y114i 
9338 SRAM XU3t,Y115t 
9348 DRAW Xll6t,Y116i 
93S8 »RAM XIO9t,Y109l 
9368 NEXT Ft II 
9378 I 
9388 I  THIS SECTION DRAMS THE RULER AND COMMENTS. 
9398 I 
9498 IP AuUr»»*N* THEH 18288 
9419 I THE NEXT PORTION OP THE PROGRAM DRAMS THE HUNBERS AHD COMMENTS 8ELOM 
9429 I THE RULER. 
9439 LINE TYPE 1        I THIS RETURNS THE PLOTTER TO A NORMAL HIGH SPEED LINE. 
9449 Ptnn»Ptn 
94S9 FOR IM TO 3«Se*lt STEP 1 
9480 Ptnn».0tPtn*Ptnn 
9479 CSI2E .133»In,.3S  I(HEIGHT OF LETTERS),<HIDTH/HEIGHT RATIO) 
9498 MOVE XlS8t*.83tIn*Ptnn,Y4jt-Ptnn 
9499 LAIEL "1* 
9989 MOVE Xl39\*l.93tIn*Ptnn,Y»jt-Ptnn 
9918 LAIEL "2" 
9829 MOVE X139»*2.93Mn*Ptnn,Y*Jt-Ptnn 
9939 LAIEL *3* 
9949 IF I>9e»lt THEN GOTO 9999 
9899 HOVE XlS9»*Ptnn,Y*kt*P»nn 
9989 CSIZE .88tln,.48   KHEIGHT OF LETTERS),(MIDTH/HEIGHT RATIO) 
9979 LAIEL "MHEH REDUCED TO til SCALE, THIS* 
9999 MOVE Xt90l*Ptnn,Y»U+Ptnn 
9999 LAIEL 'RULER MILL IE EXACTLY IN INCHES.* 
9899 I 
9(19 I THE FOLLOHIHC LINE9 DRAM THE COMMENTS IETMEEN THE lULL'S EYES. 
9629 MOVE XbullWrt*,2»In«Ptnn,YbulHep*Ptnn 
9839 LAIEL «MAGIC TEE "JTitle*;* by LCDR RGMLEY* 
9849 I 
9899 I THE FOLLOUIHC LIHES DRAM THE IULL'9 EYES. 
9889 MOVE Xbu1lltf**Ptnn,YbulHoi»*.lSMn*Ptnn 
9079 DRAM Xbul Utft*P«nn,Ybul Hoi»-.93§In*Ptnn 
9899 MOVE XbullUfv. l»In*Ptnn,YbulHo|»*Ptnn*.93itn 
9899 SRAM Xbul I Uft*. lMn+Ptnn,Ybut H«p*Ptrm+.83Mn 
9799 FOR Angte-9 TO 368 STEP 9 
9719 DRAM . lttntCOS<Anglt>*Xbut I ltfi+Ptnn,. ltIn*SlH<Angtt)*YbuIU»i>«.63Mn*Ptnn 
9720 NEXT An«It 
9739 HOVE Xbul IHght*Penn,Ybul Hop*. 13»In*Ptnn 
9749 SRAM Xbul IHgnt*Ptnn,Ybul Hop-,83tln*Ptnn 
9799 HOVE XbulIrlght-.lMn+Ptnn,YbulHop*P#nn*.03*In 
9769 SRAM XbulIrlght«.ltIn*Ptnn,YbulHop*Ptnn+.93tIn 
9779 FOR Ang»0 TO 369 STEP 3 
9799 SRAM .mn«COS<Ang)*XbulIH«hl*Ptnn,.l«IntSIN<Ang)+YbulHop*.93«ln*Ptnn 
979« NEXT An« 
9999 NEXT I 
991« I  THE HEXT 9ECHEHT OF THE PROGRAM BRAM9 THE RULER. 
9929 JM 
9839 Ptnn-Ptn 
9949 FOR 1-9 TO 8 STEP 1 
9999 J-JM 
9960 Xl39l>X*l*lt(.9tIn) 
9979 HOVE Xl39»«Ptnn,Ya#*    ITOP OF THE RULER. 
9999 I THE RULER 19 DRAMN IN SIX HALF IHCH SEGMENTS. THE ODD 8EGHENT8 9TART 
9990 I MITH A LONG INCH HARK, MHILE THE EVEH 9ECHENT9 9TART MITH A 9H0RTER 
9999 I HALF IHCH HARK. THE NEXT SEVEN LINES CONSTRUCT THE FIRST HARK IN EACH 
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9910 
9920 
9930 
9940 
9930 
9960 
9970 
9980 
9990 
10000 
10010 
10020 
10030 
10040 
leoso 
loose 
10070 
leeee 
10090 
leieo 
10110 
10120 
10130 
10140 
10130 
10160 
10170 
10180 
10190 
10200 
10210 
10220 
18230 
18240 
18238 
10260 
18278 
18280 
18298 
18388 
18318 
18328 
18338 
18348 
18338 
183C8 
18370 
18388 
18398 
18480 
18410 
10428 
18438 
18448 
18438 
184(8 
18478 
18488 
18498 
18388 
18318 
18328 
18338 
18348 
18338 
18388 

I HALF INCH SEGMENT. 
IF 1-1 THEN GOTO 9980 
IF 1-3 THEN GOTO 9980 
IF 1-3 THEN GOTO 9980 
DRAW X130t*Ptnn,Y4Jt 
IF 1-6 THEN GOTO 10150 
GOTO leeeo 
DRAW X150t+Penn,Y4lt 

I SKIPS TO THE HALF INCH MARK LENGTH. 
(SKIPS TO THE HALF IHCH HARK LENGTH. 
(SKIPS TO THE HALF INCH HARK LENGTH. 
I THIS IS THE INCH MARK (LONGEST LINE). 
(THIS TERMINATES THE RULER AFTER THREE INCHES. 
ITHtS SKIPS THE HALF IHCH MARK LENGTH. 
(THIS IS THE HALF INCH MARK LEHGTH. 

I THE NEXT 14 LINES DRAMS EACH HALF INCH SEGMENT OF THE RULER. 
MOVE X130t+Ptnn+S<xt««nih,YA«t 
DRAM X130t+Penn+SixtttrHh,Y»fi 
MOVE X150t+Ptnn+2«Stxtftnth,Yatt 
DRAM X15et+P«nn+2*Sixt«tnth,Yagt 
MOVE X150t+Ptnn+3*S<xtt*iuh,Yatt 
DRAM X130t+P«nn+3«S<xt**nth,Y*rt 
MOVE Xl30t+Ptnn*4»Slxtttmh,Yatt 
SRAM X130t+P«nn+4«Sfxt««iUh,Y*ht 
MOVE X150t+Ptnn+3«Slxt«tnth,Y**t 
SRAM X130t+Penn+5tS(xtttrHh,Y*ft 
MOVE X130t+Ptnn+6«Stxtttnih,Y*tt 
SRAM Xlset+P*nn+6*Stxt«tnth,Ytgl 
MOVE X150t+Ptnn*7»Sixt«tiHh,Y*tt 
DRAW X150t*Ptnn*7tSlxtttiHh,Y*f* 
NEXT I 
IF J>a»Sc*lt THEN GOTO 10200 (THIS TERMINATES THE PROGRAM WHEH LINES ARE 

I ARE THICK ENOUGH. 
Ptnn-Ptnn+Ptn ! THIS SHIFTS THE RULER SLIGHTLY AHD REDRAWS 

I IT. THIS MAKES THE LINES THICK EHOUGH. 
I THIS CONTINUES THE LOOP. 
I THE PEN 13 PUT BACK IN THE HOLDER. 
I THE PEH DRIVE ARM IS MOVED ASIDE. 

COTO 9040 
PEN 8 
MOVE 3888,388 
STOP 
I 
I STEP TEN! HORN SUBROUTINE. 
I THE FOLLOWING SUBROUTINE DRAWS HALF OF THE HORN AT A TIME. 
IF Dr«wlng*-"HORN* THEN 10328ISKIP OFFSET FOR SINGLE HORN. 
Xoff»Xact-Xvi+L*mbd4d 

Yoff»<Vt+Jt'2)»l» 

MOVES HORH OPENING ONE WAVELENGTH LEFT OF THE 
I LAST SLOT BEND <MONOHORN-ONLY). 
I MOVES HORN OPENING UP/DOWN TO MATCH SLOTS IN 
I THE MONOPULSE 8YSTEM. 
ISKIP TO DRAWING ROUTINE. 

INCEDES FOR SINGLE HORN ONLY. 
I INSURES OFFSETS ARE ZERO FOR SINCLE HORN. 

GOTO 10330 
IIMU 
Xoff-8 
Yoff-8 
DRAW Xlh*Xoff,Ylh§I«»*Yoff 
DRAW X2h*Xoff,Y2MI««*Yoff 
DRAW X3h*Xoff,Y3MI»»*YQff 
DRAW X4h*Xoff,Y4MU«*Yoff 
IF DrawlngM'HONO" THEN 10428 IPOINTS Si« ARE FOR THE SINGLE HORN ONLY. 
DRAW X3h*Xoff,Y3h»t»*Yoff 
DRAM X6h*Xoff,Y6htU*Yoff 
I THE NEXT PORTIOH DRAWS THE DOTTED LINE OF THE LEH8 ARC. 
IF FI11>1 THEN 743« 
LINE TYPE 4,.3tSc*le IDOTTED LINE. 
FOR B#t4-8 TO Anglth STEP 1       IBtt4<MAX)-Anglth.• 
I THE FOLLOWING LINES ARE THE EQUATION THAT DEFINES A PARALLEL 
I PHASE FRONT LENS. 
A»re-l-C08<B»t») 
)arc«t-COS<AngWh) 
Ctrc>l/SOR(Er)-COS<Btt*) 
8«re-C0S<AngUK)-l/S0R(Er> 
E*rc*C0S<Btt4)*<!-SQR<Er)> 
Brh-Bht<A»rc*B»rc»C»re/D*rc)/E»r« 
R4dh-Bh*Brh+Ptn 

X*re ■X»h«R*«thtC08< U% 4) 

I THICKNESS OF LENS. 
IRADIUS FRON Xeh.Yoh TO LENS CDCC. 
I Bh IS RADIUS OF ARC WITHOUT LEN8. 
IX POSITION OF ARC. 

rr^~ 
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18378 Y*rc"Yoh*R«dh»SIN<Btt4> IY POSITION OF ARC. 
10388 IF Btt*-8 THEN MOVE X*rc+Xoff,Y*rc+YofF     SPQSITIONS PEN FOR ARC. 
18998 SRAM X*rc*Xoff,Y*retIi»«i*Yoff 
18688 NEXT Btt* 
18618 IF Dr»wing«-"N* THEN 10530 I FOLLOWING LINES ARE FOR MONOHORN ONLY. 
10628 MOVE X4h*Xoff,Y4MI«»*Yoff (RETURNS DRAWING TO PROPER POINT AFTER LENS IS 
18638 I IS DRAWN. 
18648 LINE TYPE L!ntnu»b«r,Stgatms<z*  (RETURNS LINE TYPE TO PREVIOUS SETTING. 
18638 RETURN 
18668 END 
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FIN-LINE MRGIC-TEE NUMBER THREE 

PORT 2 
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PORT 3 

HICR08TRIP8 

Figure  1    Ffn-Lln© Magic-Tee. 
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Figur* 2    Waveguide M.gte-Te«. 

s= 

a 0 .7070 .7076 

0 .707e"J!ia       .7070J 

J000      -J1B0 
.7070 J     .7076 J 0 

.7076 JW8       .7076 JB88 

Figure 3 Theoretical Mtgfe-Teo Scittarlng Matrix. 
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SUM  (fl+B+C+D) 
RZIMUTH  (fl-B ^ik X W-^*^ ELEVATION 

<C-D) 

Figure 4    Diamond Monopul»© F«ed. 
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(R+BX 

(fl-B) 

(C-D) 

vSUM 
"7(R+B+C+D) 

ELEVATION 
(fl+B)-(C+D) 

wRZIMUTH 
?/(R-B)+(C-D)' 

(R+C)-(B+D) 

(C+D) 

Figure 5 Square Monopulse Feed. 
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Degrees Left(-) and R1ghtC+) of Borestght . 

5+4 dB GRIN 

-G dB GRIN 

_w—-.^ r.A—...w-J.i-r ._18 dB GRIN 

Computer Simulation of Rctual 
Element Pattern. 

Rctual Element Pattern at 11.4 GHZ. 

Figure 6 Simulated and Rctual Element Pattern 
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ICy) 

4- 1 

-SX2 0 

-—I 

+S'2 

f.- 

Spacing between elements of * Monopulse Feed« 
showing the element« tn phase with each other. 
Each element 1s represented by a delta function 
The element pattern Is accounted for later. 

v. 

-3-2-18123 

Fourier Transformed Sum Group pattern. 

NOTESi 

1. X-SINCTheta)*(S/Lambda)j Theta Is the angle 
left(-), or r1ght<+), of the antenna's boreslght. 
VS' Is the spacing between the antenna elements. 

2. flt +/- 90 degrees, SIN(Theta) reaches It's 
maximum value of ono. These two plonts ar« called 
ths pattern's vlslbls limits. Thsy occur where 
X-*+/-Cl)*(S/Lambda) on the transformed pattern. 

Figure 7 Theoretical Sum Group Pattern. 
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ICy) 

4- 1 

-S/2 

0 

-—1 

+S/2 

Spacing between element« of a Monopulss Feed, 
showing the el entente out of phase with sach other. 
Each element 1« represented by a delta function. 
The element pattern Is accounted for later. 

-3  -2-10123 

Fourier Traneformed Difference Group Pattern. 

NOTES; 

1. X-SXN(Theta)tt<S/Lambda)f Theta Is the angle 
left(-), or rlght(+), of the antenna'« bore eight. 
SS' 1e the spacing between the antenna elements. 

2. fit ♦/- 98 degrees, SINCTheta) reaches It's 
maximum valus of one. Theee two ptonte are called 
the pattern's visible limits. They occur where 
X-+/-(1)H(S/Lambda) on the traneformed pattern. 

Figure 8 Theoretical Difference Group Pattern. 
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Degree« Left(-) and Right(+) of BoresIght 

dB GRIN 

^r-6 dB GRIN 

16 dB GRIN 
•  •  • 

C1ement•Patte rn 

4-3 dB GRIN 

-7 dB GRIN 

".GcoiiR paH'ern! '.'.'.'.'. 

+7 dB GRIN 

-3 dB GRIN 

«Mr-^-W-iW»»-»-^-^-«--»-*-^-i4i**T<r^-"^"»-.i3 dB GRIN 

>1&^&£&1^^^ 

Sum Pattern 

Figure 9 Theoretical Sum Pattern 
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Degree« Left(-) and Right<+) of Boresfght 

L- 

:-6 dB GRIN 

:".--.-16 dB GRIN 

Clement'Pattern 

+3 dB GRIN 

-7 dB GRIN 

*-J-w.-w-4.-^-w—^-L-*---w—w-i..*-w—^._j7 ^g GRIN 

'.G^oiipi pajttjepn; 

+7 dB GRIN 

• r    •* • f •  •  •  t  * If  •  •  ♦  •  * 1 * /*  V 

-3 dB GRIN 

-*-r^rir-13 dB GRIN 

Difference Pattern 

Figure 10 Theoretleel Difference Pattern. 

79 

W^^««<fc:<A>^^^^ 



^W^////////////A m ^^s§§sss^$^§s^§$ 

i 
R 
I 
R 

R 

mw//MWA 

L 

T 
R 
I 

lx 
I- 

%r- %->r- R 

I 
I 

ctK^SSKMS&S ̂ 

Jt-. 

r 
•4 Ixd 

Figure 11  Bilateral F1n-L1ne 

V 
v • 
IK,--, 

[   3 

80 



t. 

o 
d 

on 

Ld o z 
< 

Q. 

z 
-J 

CO 

■^ 

V 

1—% 
t 

rO 
CM 

O 
\ 

I \ s, \ 
\ \ 

\ 
) 
\ 
\ o 

\ 
t 
\ 
\ 
\ 
\ 
\ o 

}            \ 

\    0 
\ 
\ 
\ 

o 
V 

J         V 
"CN 

y o 
\       * 

V * 
GO     x 

g * \     ' o 

ti H \ 

E
N

D
 

IC
K
 D

IE
L 

o 
O 

o 
\ i «0 

a! r 
3 
m 
10 

2 

CM 

y 
o «o 

• 

G O 

o 
J 

*      S'i * 0" s    s? :    <r< l     s* I       O'l s* )     0*0 

o z 
ä 
2 

3 

SS3N>QIH1 0iai0313ld/HiCIIM 101S 

Figur«  12    Slot 1 in« X«p«dano«. 
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Q't      S*£       0*C       9*2       0*3       S*l S*0     0*0 

SS3N>10IH1 0Wi.0313IQ/H10IM 101$ 

Figure   13    Slot!in« Wavelength 
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Figur« Normalized Coupled Slotllne Impedance. 
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Figur« 15 Origin»! Flxtur« Design. 
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53F 

S= 

WJl69     W^3     WJBW     .3ieetJM$ 

.M«rJ938     .269e-JMB     W""79     .i9ae-JW8 

.4a7e-jwe     .3i»J179     .i3M-JMl     WJ8M 

.3ise-jew     .377e+J817     WJ84a     .t8«*+J,M 

PV 

This data was taken on an HP 8409B 
Vector Network Analyzer at 10 GHZ. 

This matrix 1s corrected for uneven 
transmission line lengths caused by 
launcher placement and fixture design. 
10 degrees Is added to port-l, 84 
degrees Is subtracted from port-3 and 
22 degrees 1s added to port-4. The 
correct Ions are uniform throughout the 
matrix. 

Figure 16 S-Matr1x for Mag1e-Tee Number Two. 
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This data was taken on an HP 84093 
Vector Network Analyzer at 11.4 GHZ. 

Figure 17 S-Matrlx for Magle-Tee Number Three. 

>.: 

W 

S= 

-J157       +J046       +J005       +JW* 
,4326 J      .0426 J      .4736 J      .3276 J 

WJ848     .483e-J169     WJ173     .4i»JBW 

.««Tjwe     .2B«fJ,M     WJ8M     WJ812 

.a«e-J8B7     WJW3     WJ8U     .i7«+J88B 

l^jQaSM 

Thle matrix 1e oorreoted for uneven 
transmission line lengthe oaueed by 
launcher placement and fixture deelgn. 
106 degreee is added to port-1, 122 
degreee Is added to port-2 and 180 
degrees 1s added to port-3. The 
corrections are uniform throughout the 
matrix. 
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MRGIC-TEE  C3)  PORT-1   TO PORT-3 

180. 0T 

lea.e 

36.0 

-36.0 • 

•108.0 

•160.0 I        i        '        i i        i        i        '        i        '        ' 
3000.000 480.0000 MHiXOIV 12000.000 

HRQIC-TEE  C3)  PORT-1   TO PORT-3 

0.00 r 

Flgurt 18   Si'. Rittt ind Htgnltud« for Migle-Ttt Thrtt, 

Cv... 
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MRGIC-TEE  (3)  PORT-1   TO  PORT-3 

180.0 

186.0 • 

36.0 

•36.0 

■188.0 

•190.0 
6008.000 400.0000 KHZ^OIV IS000.000 

MflGIC-TEE  (3)  PORT-1   TO PORT-2 

0.00 

6.00 

12.00 

S 
I 
2       18.00 { 

24.00 

30.001 ■       i        i        i       ii»   i    i        i        i    ii        i 
0000.000 400.0000 rtHs'OlV 12000.000 

Figure 19 S12 Phit« ind Mtgnttudt for Migle-Tst Thrtt, 
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MAGIC-TEE (3) PORT-1 T  PORT-3 

183.0 

109.0 

36.0 

-36.8 ■ 

■108.0 ■ 

•108.8 I   I   i   i   i   i   i   i   i   t   i 

8200.082        460.0888 MHx^OIV      12008.800 

MPGIC-TEE (3) PORT-1 TO PORT-3 

0.30 

24.00 - 

36.00 i  i  i 

0800.066 460.0666 HHs'OtV 1 «006.600 

Figurt 20   S13 Phi66 tnd Mignltudo for Mtgte-Ttt Thrto 
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MRGIC-TEE (3) PORT-1 TO PORT-« 

180.9r 

109.0 

MAGIC-TEE (3) PORT-I TO PORT-« 

0.00 

6.00 ■ 

12.09 

£       19.00 

-24.09 

30.06 li ii 
0090.900        400.9000 HHs'OlV       IS000.006 

Flgurt 21 S14 Phtto tnd Mignttudt for Higle-Tet Thrtt, 
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MRGIC-TEE (3) PORT-i TO PORT-2 

180.0 

iee.8 

-ie8.a ■ 

-190.8*——* ► 
0000.000 400.0000 MHs'OtV 12000.090 

MAGIC-TEE (3) PORT-1 TO PORT-2 

s 

0.00 r 

0.09 • 

12.00 • 

10.00 

Figur« 22   S21 Phtt« tnd Mtgnttudo) for Mtgte-TM ThrM, 

W ■-'"■' 
I'-*. -"' 

:.*.*>. 

r 

-S >■ 

91 



* k> - k ■ * " t r k • 

I 
N 
M 

MHGIC-TEE  (3)  PORT-1   TO PORT-3 

180.0 

>ige,o I       t       i       i    ■  >       i       i       ii       i       i 
seee.eee     400.0000 NHS^OIV    12000.000 

MflGIC-TEE  (3)  PORT-l   TO FORT-2 

0.00 

5.08 

10.00 

is. ee 

20.00 - 

as.00 i     i     i i     i     i 

400.0000 MHtt'OIV ietM.000 

Flgurt 23   S22 Phttt und Hignltud« for rliQto-T«« Thrct. 
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MAGIC-TEE (3) PORT-2 TO PORT-3 

180.8T 

108.8 

36.8 • 

•36.8 

-109,8 

■180.8* i  ii t 

8088.800 408.8000 HHSXQIV 12880.088 

MPCIC-TCE  (3) POÄT-8  TO PORT-3 

0.08 

24.00 - 

30.00 i       i       i       i       i 

400, Ittts'OtV U000.000 

Figur« 24 S23 Phase and Magnttuda for Magte-Ta« Thraa. 
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MBGIC-TEE (3) P0RT-2 TO PORT-4 

180.2 

lee.e 

36.8 

-as. e 

-108.8 ■■ 

-190.0* 
8080.800 409.8000 HH*>OtV 12800.086 

MW3IC-TCC  (3)  PORT-2   TO PORT-* 

0.00 

6.00 

12.00 

2       16,00 
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90.00 i        tii        i 

400, HH«.'OtV ie060.060 

Figur« 25 S24 Phas* and Hagnttud« for Magte-Tt« Thro«, 
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MfiGIC-TEE (3) PORT-t TO PORT-3 

180.0T 

100.0 ■ 

100.0 i   i   i 

0000.000 400.0000 MHs'OlV 1C000.000 

HAGXC-TEE (3) PORT-t TO PORT-3 

e.ea 

0.00 

12.00 

10.1 

24.00 

90.00 
400, HHa'OIV 12000.000 

Ffguro 26   S31 Pti0*o tnd Httgnttudo for Mtgic-T00 Thrc*. 
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MflGIC-TEE (3) PORT-2 TO PORT-3 

tea. 0T 

109.0 

-108.0 

ige.a i - >     i     i 
8000.060 400.0000 MHai/'OIV 12000.000 

M«GIC-TtC (3) PORT-2 TO PORT-3 

0.00 

6.00 

12.00 • 

10.00 

24.00 

30,001        i        i        i        i        i        i        i        i        i        i 
6000.000 400.0000 MMm/'OIV 12000.000 

Figur« 27 S32 RIM« and Magnitude for Hagle-Tt« Thrtt 
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180.0 
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■108.0 

100.0 
eeee.eee 400.0000 MH^OIV teeee.eee 

MAGIC-TEE (3) PORT-3 TO PORT-4 

0.00 

400.0000 nHs'OIV 12000.000 

Figur» 28 S33 Phue ind Hignttude for Htgte-Tte Thret, 
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MRGIC-TEE C3) PORT-3 TO PORT-«« 
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(A 

180. 0T 
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-108.0 
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Flfure 29   S34 Phit« ind Mtgnltudo for Miglo-To© Thru. 

98 

&&A.\V\\rf^?«X£&\fö^ 



r* *,**<* M"**T ^3r*jr*jrr v* v* v*\* vsr.n-w, v*^ vvvv V" v. v. v W. 0<T"».wX.n.n.^ThTl'K»Tj^wri'fV^;T» «^ *r. ",' ~rv ¥*.• w./ tvrf? ,W;«7-.'ir ; 
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Figur« 30   S41 Phut ind Magnitude for Ntgle-Tt« Thrts, 
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MflGIC-TEE  (3)  PORT-2  TO PORT-* 

180.0T 

108.0 - 

-108.0 ■ 

-100.0 i      i     i     i     •*      i 

8000.000 400.0000 MHs/'OIV 12000.000 

|        12.00 
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Figure 31 S42 Phitt tnd Hignltud« for Higto-Too Thru. 
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-36.0 ■ 

-108.0 - 

•108.0 
6800.088 480.6888 HHs/'OIV 18008.800 
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Figur« 33 S44 Phut and Hignttudt for Hagte-TM Thrtt. 
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Figur« 34    Ftn-Lln« MonopuU« Sy«te«. 
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